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‘ The beginning of Chemistry ‘is pleasure ; its progress, knowledge ; 
it a object s, truth and utility/— Pavy. 



r u E E A C E 


This little book contains (in a condensed form) tlio 
introductory 'portion of the annual course of Chemical 
Lectures delivered to the student s of the College of 
Science, Toon a. 

It would seem scarcely necessary to remark that the 
present volume is by no means to be regarded as a 
Treatise on Chemistry ; but, on the contrary, it is 
intended (as the title page indicates) to serve as an 
introduction to the already numerous and, I may say, 
encyclopaedic treatises on the subject by modern authors. 
With this object in view, I have endeavoured to develop 
the leading principle s of the science in a simple but 
connected and logical order, suited, alike, to the wants of 
the student preparing for his examination, as to those of 
the general reader, who, in these days of scientific 
progress, cannot afford to be completely ignorant of the 
fundamental principles of Chemistry. 

I have undertaken the work with the view of providing, 
for the students attending my own lectures, an Introduc- 
tory Text-Book, which should, at the same time, be 
sufficiently elementary to meet the moderate requirements 
of all students preparing for University Matriculation, 



,V111 


CONTENTS. 


CHAPTER III. 

Chemical Philosophy — General Principles. 

PAGE 

Simple and Compound Substances 28 

Elements— Metals and Non-Metals 24 

Chemical Symbols 25 

The Elements and their Symbols 26 

The Non-Metallic Elements 27 

Signification of Symbols 28 

CHAPTER IV. 

Chemical Philosophy — General Principles. 

Conditions necessary for Combination 29—39 

Varieties of Attraction 30 

Cohesion and Affinity Contrasted 81 

Illustrative Experiments 32, 83 

Reason why Air does not burn . . . . . . . . . . 84, 85 

Fire Damp— Safety Lamp, &c. . . 36, 87 

Influence of Molecular Condition 38 

CHAPTER V. 

Chemical Philosophy — General Principles. 

Laws of Combination — proportions by weight 89 — 46 

Law of Definite Proportion 40 

Law of Multiples — Atomic Theory 41, 42 

Meaning of Atomic Weights 42 

Table of Atomic Weights 43 

Law of Reciprocal Proportion 44 

Law of Compound Proportion 45 

Law of Atomio Heat 46 

Law of Electro-Chemical Decomposition 47 



CONTENTS. 


IX 


CHAPTER VI. 

Chemical Philosophy — General Principles. 


PAGE 

nomenclature and Notation 48,49 

Symbolic Notation — Formulae 50 

Glassification of Compound Bodies 51 

Use of Popular and Systematic Names 52 


CHAPTER VII. 

Chemical Philosophy — General Principles. 


Law of Volumes 63 

Equality of Atomic Volumes 54 

Hypothesis of Gerhardt 55 

Examples of Combination by Volume 56 

Chemical Specific Gravity 57 

Equality of Molecular Volumes — Avogadro’s Law .. .. 58 

Molecular Formulae 69 

Determination of Atomic Weights 60, 61 

Exceptions to * Law of Volumes ’ 61, 62 

Theoretical Density — Calculation of 63 

Experimental Density— How determined 64, 66 


CHAPTER VIII. 

Chemical Philosophy — General Principles. 


Calculation of Volume-weights, &o 66 

Liter-weight of Hydrogen 67 

The Crith and its use 68 

Experimental Laws (Dalton and Gay-Lussac’s Law) . . . .69, 70 

Experimental Laws expressed by Formulae 71 

Influence of Pressure . . . . 72 

Boyle’s, or Marriotte’s, Law 73 

Boyle’s Law expressed by Formulae 74 

Experimental Laws — ( continued) 75 

Deduction of Formulae 76 — 79 

Diffusion of Gases 80, 81 

Addenda (Absolute Zero, Specific Volume, Ac.) .. .. 82 



X 


CONTENTS. 


CHAPTER IX. 

Chemical Philosophy— General Principles. 

PAGE 

Quantivalence of Atoms . . 83—96 

Equivalent Substitution 84 

Artiads — Perissads — Bonds 85 

Radicle Defined 86 

Glassification of Radicles 87 

Hydrate— Salt — Acid 87, 88 

Base — Anhydride 89 

Glassification of Salts 90 

Alkalis — Derivation of Salts * . . . . 91 

Theory of Types 92, 93 

Empirical and Rational Formulae 94 

Percentage Composition, &o 95, 96 

Classified List of Inorganic Radicles (Basic and Acid) . . 97 

CHAPTER X. 

Chemical Philosophy — General Principles. 

Minerals, Rocks and Stones Defined 98 

Crystallography 99 

Crystalline Systems 100 

Dimorphism, Isomorphism, Allotropy, &c 102 

Crystalline Minerals 103 

Scale of Hardness, &c 104 

Modes of Chemical Action — Berth ollet’s Rules . . . . 105, 106 

Relative Solubility of Metallic Salts 107 

CHAPTER XI. 

Hydrooen — The Halogens. 

Hydrogen — History — Occurrence — Properties . . . . 108—111 

Methods of Preparation 111—116 

Quantitative Calculations 117, 118 

The Halogens— Chlorine, Bromine, Iodine, and Fluorine 118—123 
The Halogens with Hydrogen and Oxygen . . . . 123—126 



CONTENTS. 


XI 


CHAPTER XII. 

Oxygen— Sulphub. 


PAGE 

Oxygen— History— Occurrence 127 

Properties 128 — 182 

Methods of Preparation, &c. 133—140 

Ozone 185 

Quantitative Calculations . . 186 — 139 ^ 

Sulphur, Selenium, Tellurium 140 

„ Occurrence, Properties 141, 142 

„ Compounds 143—147 


CHAPTER XIII. 

Hydrogen and Oxygen. 

Experiments with Hydrogen and Oxygen . . . . 148 — 155 
Applications of the Force of Affinity, Energy of . . 151 — 153 

Oxy-hydrogen Flame — Lime Light . . . • . . 154, 155 


CHAPTER XIV. 

Water. 

Occurrence, Purification, Composition — Formation . . 156 — 163 

Properties 164 — 170 

Ebullition— Evaporation, &c. . . 171 

Hydrogen Peroxide 172 

Mineral Waters, Hard Waters, &c. 173 — 175 


CHAPTER XV. 

Nitrogen — Phosphorus, &o. 


Nitrogen — History — Occurrence . . 

176 

Preparation 

. . 177—179 

Properties 

179, 180 

Ammonia 

180, 181 

Nitric Acid and Oxides of Nitrogen 

. . 182—184 

Phosphorus— Occurrence, Properties 

184, 185 

„ Preparation and Uses . . 

186, 187 

Phosphuretted Hydrogen, Phosphorio Anhydride and its 

Hydrates 

. . 188—190 

Familiar Nitrates and Phosphates 

190 



CONTENTS. 


XU 

CHAPTER XVI. 

Carbon — Silicon — Boron. 

page 

Carbon, Occurrence, Natural Varieties 191—193 

Artificial Varieties 194, 195 

Properties of Charcoal, &c 196, 197 

Silicon 198 — 200 

Boron 200, 201 

CHAPTER XVII. 

Oxides of Carbon. 

Carbon-dioxide — O ccurrence— Preparation . . . . 202, 203 

Properties 203 — 209 

Assimilation of Carbon by Plants 209 

Carbon-monoxide— P reparation 211, 212 

Properties 212, 213 

Familiar Carbonates 214 

CHAPTER XVIII. 

The Atmosphere. 

Composition 215 — 220 

Properties and Uses 220 — 224 

Food of Plants 222 

Height and Pressure of the Atmosphere 223, 224 

CHAPTER XIX. 

Combustion (Fire and Light). 

Combustion, Fire and Light, &o 225 — 230 

Theories of Combustion 228 — 230 

Candle Flame — Blowpipe Flame . . . . . . . . 231, 232 

Coal-Gas, Wood-Gas, &c 233—235 

The Periodio Law — Unity of Matter, &c. . . . . 235, 236 

CHAPTER XX. 

Chemical Gymnasium •• 237—252 


Index 


253—260 



CHAPTER I. 


METRIC SYSTEM. 

The first lesson a boy has to learn, when he determines 
to study Chemistry, is the decimal system of weights and 
measures, known as the Metric System . 

I am quite sure you will admit that the most difficult 
book you ever had to learn was the Penny Table Book of 
British Weights and Measures, containing probably some 
20 pages or more of the most confused and unscientific 
stuff imaginable. A French boy can write all his tables 
on the palm of his hand, and so can you when you have 
learnt the Metric System. 

This system was established in France in the year 1798, 
and after the lapse of nearly 100 years England’s eyes 
have seen that it is more scientific and advantageous than 
its own. By Act of British Parliament (27 and 28 Viet., 
cap. 117, 29th July, 1861) the use of the Metric System 
of Weights and Measures has been rendered legal. The 
weight of the Kilogramme (as laid down by that Act) is 
15432-3487 English grains. 

The base of the system is the metre — from the Greek 
fihpov (metron) a measure — which is a standard rod of 
platinum made by Borda to represent, at 0° C., the one- 
ten millionth part of a quadrant of the meridian of Paris. 
Copies of this rod, then, denote metres at the temperature 
0°C. 

The metre is the unit of length , and is sub-divided and 
multiplied in accordance with the decimal scale ; the tenth t 
hundredth and thoicsandth parts are called decimetre , 

1 
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centimetre and millimetre respectively. The multiples 
by 10, 100, 1,000 and 10,000 are called decametre , 
hectometre , kilometre and myriametre respectively. 

The unit of superficial , or square , measure is a square, 
each side of which is one decametre in length, and is called 
an are — from area , an open space. The are is sub- 
divided and multiplied in the same manner as the metre. 

The unit of capacity , or of cubic measure, is a cube, 
each edge of which is one decimetre in length, and is called 
a litre — from litra , a liquid measure. The litre is 
divided and multiplied according to the decimal scale. 

Note.— For measuring timber, &c., the cubic metre is generally 
used, and is called a stere — from orcpcos (stereos) solid. 

The unit of weight is the weight of one cubic centimetre 
of distilled water at its maximum density ( i.e ., at the tem- 
perature 4° C.), and is called a gramme — from ypajipd 
(gramma), figuratively used for a small weight. It, like the 
metre, litre, &c., is sub-divided and multiplied decimally. 

As we are about to adopt these measures universally, it 
will be well, in order to avoid mispronunciation, &c., to 
remove their French aspect and Anglify the names of the 
units by spelling them thus — 

meter , are } liter , gram . 

These being the units we may write our table-book as 
follows — reading both ways from the unit. 

( Myria — 


Submultiples 


( Deca — 

Unit. 

Deci — 

Centi — 

Milli — 


By inserting the unit of the particular measure required 
and prefixing the Greek terms Deca } Hecto , Kilo , Myria , 
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you have its multiples by 10, 100, 1,000 and 10,000 re- 
spectively. In a similar manner, by prefixing the Latin 
terms Deci , Ctnti , Milli, you have its submultiples, or one- 
tenth, one-hundredth, and one-thousandth part of the 
particular unit employed. 

For example : if we insert gram for unit in this table, 
we may write its multiples thus— beginning at the unit 
and reading up — 

Myriagram, 

Kilogram, 

Hectogram, 

Decagram 

gram, 

Similarly we write the scale of sub-division thus — 
beginning at the unit and reading down — 

gram, 

Decigram, 

Centigram, 

Milligram, 

and so on with the other units. 

As an example of the advantage of this system when 
compared with the old English one, let it be required 
to calculate the number of milligrams in a myriagram. 
The term myriagram at once tells us that it contains 
10,000 grams; again the name milligram indicates the 
i^th part of a gram; hence 10,000 X 1,000= 
10,000,000 is the number of milligrams in a myriagram. 

Take a similar example and work it by the English 
system. Let it be required to find how many grains are 
in one ton. For this purpose you have to multiply by 20 to 
get cwts., then by 4 to get quarters, and quarters by 38 to 
get pounds, pounds by 16 to get ounces, ounces by 16 to 
get drams, and drams by 27J1 to get grains. The task 
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indicated by these successive multiplications is enough to 
frighten the most profound mathematician ; and though 
it may be accomplished in five or ten minutes by a smart 
boy, yet how many mistakes is he liable to make before 
he arrives at the correct answer ! 

As these measures (though employed in all modern 
books on Chemistry and Physical Science) have not yet 
come into general use, it will be necessary, until they are 
actually made compulsory, to be able to convert them 
into their old English equivalents when you want to get 
some fixed ideas as to their meaning. But now that we 
have the weights and measures of the Metric System 
before us on the table, we can, by the aid of our senses, 
form fixed ideas as to their actual size ; for instance, we 
see that a Liter ( = 1*76 pints), the full of which of water 
at 4° C. weighs a kilogram ( = 2$ lbs.), does not differ very 
much from the Poona Seer . 

The following are the English equivalents of the Metric 
units : — 

Are = 119*60333 sq.yds. = 0 0247 acre. 

Liter = 61-02705 cub. in. = 1-76077 pints. 

Gram = 15-43234 grains = 0-002205 lbs. (avoir.) 

Stere = 1 cubic meter = 35 3171 cubic feet 

From these values of the several units it follows that — 

, 20 Meters = 65*618 ft., or very nearly one chain * 

1 Hectare = 2 47 acres = 2J- (q. p.) f 
1 Hectoliter = 22 gallons 
1 Kilogram = 2-205 lbs. (avoir.) 

1 Kilometer = 0*6214 of a mile = £ (q. p.) 

64 Meters =70 yards (q. p.) 

1 Meter = 1*09 yards, or (q. p.) 1*1. 

1 Sq. Meter = 1*189 sq. yards, or (q. p.) 1*2. 
lCub. Meter= 1*296 cub. yds. or (q. p.) 1*3. 

* One Gunter’s chain or 66 feet = 20*12 meters. 

f Stands for * quam proximo,’ signifying as near as possible. 
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Hence for rapid approximation we may use the follow- 
ing:— 

Buie — Multiply meters by 1*1 to get yards. 

Multiply sqr. meters by 1*2 to get sqr. yards. 
Multiply cub. meters by 1*3 to get cub. yards. 

Also we have — 


1 Inch = 2*54 centimeters (q. p.) 

- 1 Sq. Inch = 6*45 sq. ,, ,, 

1 Cub. Inch = 16-386 cub. „ ,, 

50-8kilograms=1121bs. = lcwt.; and 1 grain =0 , 0648gram. 

The thermometer we use, in conjunction with the Metric 
System, is that of Celsius, otherwise called the Centigrade 
thermometer, from the manner in which it is graduated. 

This thermometer is so graduated that when it is 
immersed in melting ice the top of the mercury column 
stands at 0°, or zero , and the degrees below this point 
are indicated by a minus sign: thus — 20° signifies 
20 degrees below zero. 


That point on the stem at which the top 
of the mercury stands when the thermometer 
is immersed in steam issuing from boiling 
water (while the barometer reads 760 milli- 
meters) is marked 100°. 

The same space (or that between the freez- 
ing and boiling points) on the Fahrenheit 
scale is divided into 180 degrees. (See 
Fig. 1.) Consequently a degree centigrade 
= £§§=£ths of a degree Fahrenheit. 

The point marked 0° on the Centigrade 
corresponds with 32° on the Fahrenheit 
thermometer. Hence if we wish to con- 
vert Fahrenheit degrees into Centigrade, 




Fig. 1. 
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we must subtract 32 from the number of Fahrenheit 
degrees, before converting them into their equivalent in 
Centigrade degrees ; and conversely , we must add 32 to 
whatever number be found, when we convert Centi- 
grade degrees into Fahrenheit. Hence we derive the 
following : — 

Rules. 

ls£. — To convert any number of degrees Fahrenheit 
into an equivalent number of Centigrade degrees — Sub - 
tract 32 from the number (F) and multiply the remainder 

by f 

Example. — Let it be required to convert 122° Fahrenheit 
into its equivalent in Centigrade degrees — 

122 less 32 = 90 

90 X | = 50° Centigrade. 

2nd. — To convert any number of degrees Centigrade 
into its equivalent in Fahrenheit degrees. — Multiply the 
number (C) by £ (or 1*8), and to the product add 32. 

Example . — Let it be required to convert 95° Centigrade 
into its equivalent in Fahrenheit degrees — 

95 X 1*8 = 171 
171 + 32 =203° Fahrenheit. 

Centigrade degrees are easily converted into Fahrenheit 
(mentally) by the following : — 

Rule. — Double the number of degrees (C), deduct one- 
tenth of this , and to the remainder add 32. 

Thus 50° C = (100 less 10 plus 32) 

= (90 + 32) = 122° F. 

Also 

— 40° C = (— 80 less — 8* plus 32) 

= (— 72 + 32) = — 40° F. 

Therefore both scales read the same at 40 degrees 
below zero, on either thermometer. 

* To be subtracted algebraically. 
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FRENCH AND ENGLISH MEASURES. 

A DECIMETRE DIVIDED INTO CENTIMETRES AND MILLIMETRES. 



4 Inches divided into tenths. 


METRIC MEASURES IN EQUIVALENT ENGLISH 
MEASURES. 

MEASURES OP LENGTH. 

1 Millimetre =* 0-03937079 inch, or about ^ inch. 

1 Centimetre =* 0*3937079 inch, or about 0-4 inch. 

1 Decimetre = 3*937079 inches. 

1 Metre = 39*37079 inches == 3*281 feet nearly. 

1 Kilometre = 39370*79 inches. 

MEA8URES OF AREA. 

1 sq. millimetre = 0*00155006 8C[. inch. 

1 sq. centimetre — 0*155006 sq. inch. 

1 sq. decimetre = 15*5006 sq. inches. 

1 sq. metre = 1550*06 sq. inches, or 10*764 sq. feet. 


MEASURES OF VOLUME. 

1 cub. centimetre 0* 610271 cub. inch. 

1 cub. decimetre = 61*0271 cub. inches. 

1 cub. metre = 61027*1 cub. inches. 

The litre (used for liquids) is the same as the cubic decimofcre. 


MEASURES OF WEIGHT. 

1 Milligramme = 0*015432349 grain. 

1 Centigramme — 0*15432349 grain. 

1 Decigramme = 1*5432349 grains. 

1 Gramme = 15*432349 grains. 

1 Kilogramme = 15432*349 grains, or 2*2 lbs. nearly. 


COMBINED UNITS. 

1 Gramme per sq. centimetre = 2*048098 lbs. per sq. foot. 

1 Kilogramme per sq. metre =s 0*2048098 „ „ 

1 Kilogramme per sq. millimetre = 2*048098 „ „ 

1 Kilogramme-metre = 7*23314 foot-pounds. 

= 7i foot-pounds nearly. 

1 .force de cheval = 75 kilogrammetres per second, or 542 J foot- 
pounds per second nearly ; 1 horsepower (English) = 550 foot-pounds 
per second, or 33,000 foot-pounds per minute. 
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ENGLISH MEASURES IN EQUIVALENT METRIC 
MEASURES. 

MEASURES OF LENGTH. MEASURES OF OAPAOITT. 


1 inch s 26*89954 millimetres. 

1 foot = 0*804794 metre. 

1 yard =0*9148834 metre. 

1 mile =1*60932 kilometre. 

MEASURES OF AREA. 

1 sq. inch =645*187 sq. milli’tres. 
1 sq. foot =0*0929 sq. metre. 

1 sq. yard =0*88609 sq. metre. 

1 sq. mile =2*59 sq. kilometres. 


1 pint =0*5676 litre. 

1 gallon =4*5410 litres. 
1 bushel =86*3281 litres. 


MEASURES OF VOLUME. 

1 cub.inch= 16386*6 cub.milli’tres. 
1 cub. foot =0*0283 cub. metre. 

1 cub. yard =0*7645 cub. metre. 


MEASURES OF WEIGHT. 

1 grain = 0*064799 gramme. 

1 oz. avoir. = 28*3496 grammes. 

1 lb. avoir. = 0*4535 kilogramme. 
1 ton = 1*01605 tons. 

= 1016*05 kilog. 


COMBINED UNITS. 

1 lb. per sq. foot = 4*88261 kilog. per sq. metre. 

1 lb. per sq. inch = 0*0703 kilog. per sq. centimetre. 

1 foot-pound = 0*1382 kilogramme tre. 

N. B.— For Exercises on the Metric System the student is referred to the 
Chemical Gymnasium at the end of this Volume. 
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CHEMICAL PHI LO SOPHY — GENERAL 
PRINCIPLES. 

Chemistry is that branch of Experimental Science which 
has for its object the determination of the composition 
and properties of the different varieties of matter with 
which man is acquainted, and of their actions and re- 
actions with one another. 

Though Heat, Light and Electricity do not lie within 
the strict limits of our subject, yet a knowledge of the 
operations and effects of these physical agents on matter 
is of prime importance to the Chemist ; consequently, in 
the course of study which we have set before us, it will be 
necessary to make frequent reference to the phenomena 
exhibited by such agents-. 

Modern Physics teaches that Heat, Light and Electricity 
are but so many forms of undulatory motion . Just as 
Sound is produced by the vibrations of air, so Heat, Light 
or Electricity may be produced by rapid vibratory motions 
of material particles. 

Heat, Light and Electricity are transmitted by wave- 
like vibrations of an imponderable elastic ether , which 
(there are good reasons for believing) fills all space and 
the pores which exist in all bodies, in whatever state they 
may be. 

All known forms of matter have weight (a term relative 
to the force of gravity) and impenetrability which means 
that property of a body which enables it to occupy a 
certain space, and to prevent the portion of space in which 
it rests from being occupied by any other body at the 
same time with itself ; for example, I take a cube of fluor 
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spar and plaoe it on the table before your eyes ; now you 
can see, plainly, that it would be impossible for me to put 
another cube in the space occupied by the first, without 
displacing it ; this property of the cube of fluor spar is 
called impenetrability, and is possessed alike by solids, 
liquids and gases. Again, all material bodies are ponder- 
able, and are thereby distinguished from the ether which 
permits the transmission of Heat, Light and Electricity, 
&c. 

The development of heat by mechanical action has led 
to the overthrow of the material theory — which supposed 
heat to be a subtle imponderable variety of matter, Gmelin, 
for instance, says heat is that substance whose entrance 
into our bodies causes the sensation of warmth, and its 
egress the sensation of cold. 

The celebrated chemist Davy was the first to disprove 
the materiality of heat . Davy showed that ice could be 
liquefied by mere friction. 

Rumford was the next experimenter in this field of re- 
search. He actually boiled about 2 gallons of water 
(originally at 60° E.) by the friction of boring a brass 
cylinder immersed in it. The brass cylinder weighed 
113 lbs., and the time occupied in bringing the water to 
the boiling point was 2£ hours. Rumford concluded, 
from this experiment, that heat must be motion . 

Heat is now regarded as a * form of motion,' or rather 
molecular vibration . Thus when a cannon ball is let fall 
from the top of a tower, its motion appears to cease when 
it comes in contact with the ground ; such, however, is 
not actually the case, but its linear motion is thus con- 
verted into a vibration of its molecules which is exhibited 
in an elevation of the temperature of the ball. 

Experiments, made in Paris, have proved that water 
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may be warmed by letting heavy balls fall into it from a 
considerable height.* 

The stoppage of the motion of carriages, &c., by friction 
furnishes another illustration of the conversion of direct 
motion into heat. The ‘brakes* on railway carriages 
occasionally take fire from the heat produced in this way. 
Heat is also convertible into direct and visible motion, as 
in the case of the Steam Engine. 

If heat be not a hind of motion (viz. molecular vibra- 
tion ) it becomes most difficult to explain such 
phenomena. 

All varieties of matter exist in one or other of three 
states } namely, the solid, the liquid! and the gaseous, or 
aeriform. Some bodies are found in, or can be made to 
assume, each of the three different states. Water, for 
instance, is found in nature as a solid (ice) in the Arctic 
regions, and occasionally in warmer countries, and ice 
can easily be produced artificially ; it is found as a liquid 
in oceans, seas, rivers, and wells, &c., and in the form of 
rain falling through the air ; as a gas, in the jets of steam 
issuing from the geysers of Iceland and volcanoes of that 
and other countries — also in our atmosphere (as vapour), 
and is produced artificially in the boiler of the steam 
engine for purposes of locomotion, &c. 

The following experiments will show that other sub- 
stances than water are capable of changing their state : — 

Here I have a few fragments of sulphur in a flask. I 
warm the flask over a spirit lamp, and I continue to do 
so till (as is the case now) I see its contents become 
liquid ; the sulphur has now changed its former solid for 
its present liquid form. Let us now observe, what will be 

* It has been even proposed to boil eggs by letting them faU 
from a great height ! ! 

f An intermediate state called the viscous is also recognizable. 
Gummy and gelatinous substances generally may be said to be in 
the viscous state. 
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the effeet of a further application of heat to the molten 
sulphur. Well, you see that the sulphur iB now escaping 
out of the neck of the flask, in the form of vapour ; and by 
inverting another flask over the neck of the first, we can 
collect the vapour of sulphur in a condensed state in the 
inverted, or cold, flask. When in this condition it is 
known as sublimed sulphur. 

Here is some sulphuric ether ; you see it is in the liquid 
state, but now I will warm the beaker a little, and you 
will soon perceive that the liquid will no longer be visible ; 
it will be all converted into vapour at 36° C. You see 
now the vessel is apparently empty ; the presence of its 
vapour, however, may be shown thus : — I bring this 
lighted taper just over the beaker; and there I you see 
the gaseous ether burst into flame. If, instead of heating 
the liquid ether, I were to cool it sufficiently, it would 
become a solid, having the appearance of camphor. 

I throw these few grains of iodine into this large flask and 
gently heat it ; now observe the flask is filled with a 
beautiful violet -coloured vapour. In this case the iodine 
is changed directly from the solid to the gaseous form, 
without passing through the intermediate or liquid state — 
such a process is called sublimation . The iodine, how- 
ever, may be liquefied by heating it under greater pres- 
sure. There are a few other substances which behave in a 
similar manner, but, as a general rule, most substances 
pass through the liquid stage, on their way to the gaseous, 
from the solid state. 

You will have noticed that, in all these experiments, the 
power employed to do the work of changing the condition 
of the substauce experimented upon was heat. Heat, 
then, has jpowcr to do work, and is, therefore, a form of 
energy . 

All perceptible masses of matter are considered to be 
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made up of particles very much smaller than anything 
we can see. A cannon ball may, by mechanical means, 
be divided into very small pieces, so small that one piece 
would be scarcely visible to the naked eye ; by chemical 
means, however, we can bring it to a much finer state of 
division ; for example, let us take one grain of iron, dis- 
solve it in this acid,* and then add water until the whole 
solution equals one gallon. Here then is a gallon of 
solution containing in it one grain of metallic iron, uni- - 
formly distributed throughout the water. Now by letting 
a few drops of another ^solution (potassium ferrocyanide) 
fall into the gallon of clear liquid, the whole of it instantly 
becomes blue. If we remove ^th part of a grain of 
this coloured solution, and place it on a sheet of white 
paper, the blue colour of the little drop will be distinctly 
visible ; and as the blue colour of this little speck is due 
to the presence of a portion of the iron originally con- 
tained in the first solution, we have evidently succeeded in 
dividing a grain of iron into seven million parts, for a 
gallon of water contains 70,000 grains and jAth part of 
the grain is therefore the one-seven millionth part of a 
gallon. It is scarcely necessary to say that the quantity 
of metallic iron in that little drop of blue water 
(= too 5 006^ a g ra i Q ) is so indefinitely small as to 
be perfectly invisible. From considerations of this kind 
it has been thought that there is no limit to the divisi- 
bility of matter, or in other words, that it is indefinitely 
divisible. However, all chemists are opposed to this 
idea, and the general doctrine taught by them is that 
there is a limit to the divisibility of matter, and when 
that limit is reached there is left only the ultimate chemi- 
cal 'particles of which the entire mass is made up. Such 
ultimate particles, as they are supposed not to admit of 

* Hydrochloric (containing a drop of nitric) acid. 
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further division, are called atoms , from the Greek term 
arofios (atomos), signifying indivisible .* 

As we shall have occasion again to refer to the doctrine 
of atoms, I shall say no more about it until we have 
studied the laws of combination. It will, however, be 
convenient, for the purposes of explanation, occasionally 
to use the term atom as an equivalent for ultimate 
cliemical particle. 

Large masses of matter, then, may be regarded as 
composed of aggregations of these particles, or atoms, 
held together by the mutual attraction of each other and 
the force of cohesion t more properly called molecular 
attraction. Cohesion, or molecular attraction, binds 
together groups of atoms , or molecules,! which again are 
composed of simple atoms , held together by chemical 
attraction, otherwise called affinity. 

Although the molecules of bodies are held together by the 
attraction of cohesion still they are not in actual contact ; 
the molecules, it is supposed, do not touch each other, but 
have little spaces, or pores, between them. The probability 
of the truth of this conclusion has been greatly increased 
by the celebrated Florentine Experiment , which has satis- 

* Sir William Thompson has communicated to Nature a re- 
markable paper on the size of atoms, in which he deduces the 
conclusion that in ordinary liquids or transparent solids the mean 
distance between the centres of contiguous molecules is less than 
the hundred-millionth, and greater than the two thousand- 
millionth of a centimetre. 

‘ If we imagine (he says) a globe the size of a pea to be magnified 
to the size of the earth, then each molecule would, on this sup- 
position, be larger than a pellet of small shot, but less in size than 
a cricket ball. The hypothesis is supported by many convergent 
considerations, one of which is that a soap bubble probably bursts 
when it becomes too thin to contain several atoms in its thickness, 
and as the thicknesses of a soap bubble are known from the 
nature of the colours reflected, a limit is obtained to the maximum 
size of the atoms composing it. 1 

f Molecule (molecula, a little mass) the smallest quantity of a 
substance which can exist by itself, is the physical particle in 
contradistinction to the chemical particle, or atom. 
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factorily established the fact that gold is porous. This 
beautiful experiment was undertaken by the Florentine 
academicians for the purpose of trying whether water was 
compressible or not. They filled a hollow globe of gold 
with water, and having hermetically sealed it, they 
subjected it to great external pressure, knowing (from 
the mathematical properties of the sphere) that if it 
changed its shape at all in yielding to the pressure, the 
water must have contracted in bulk, and consequently be 
compressible ; however, it was found that, without 
solving the problem in question, the water came through 
the gold and appeared like dew-drops on its external 
surface. 

From the result of this experiment it is evident that 
gold is porous, and if such a dense body as gold be 
porous, it is not difficult to believe that other bodies may 
be so too.* The facts that most bodies, no matter how 
dense, can be made more so by hammering and by the 
reduction of their temperature, are strong arguments in 
favour of the porosity of matter . 

If we take a piece of iron or other 
metal and hammer it briskly on an 
anvil it will become smaller. Again 
if we take a metallic ball, and reduce 
its temperature considerably, it will 
be found that it will contract in 
volume, which can be made evident 
by making it pass through a ring 
(Fig. 2), through which it would not go 
before its temperature was reduced. 

It has been concluded that the 

* Copper and Zinc have recently been shown to be porous, by 
experiments made at Manchester. Spermaceti oil contained in a 
brass (i.e. a mixture of copper and zinc) cylinder was forced by 
pressure, through the pores of the brass, until the cylinder was 
emptied. J 
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porosity of matter is due to the existence of a repulsive 
force between its particles, which has been called by 
Philosophers molecular repulsion , in contradistinction to 
molecular attraction , or the force of cohesion, which acts 
in an opposite direction. From experiments of the 
above nature and a knowledge of the general effects of 
heat on matter, it is now generally admitted that the 
force called molecular repulsion by the early Philosophers 
is identical with heat itself. On this hypothesis the 
phenomenon of change of state is easily explained : for 
we know that by the aid of heat solids are converted into 
liquids, and liquids into gases. 

In all masses of matter, then, we must admit the 
existence of two forces, the attraction of cohesion tending 
to draw the molecules closer together, and heat tending 
by its action to drive those very same molecules farther 
asunder. Hence, when matter occurs in the solid state, 
the force of cohesion overcomes the repulsive force exerted 
by heat. In the liquid state these two forces exactly 
balance each other; but in the gaseous condition the 
repulsive must far exceed the attractive force. Con- 
sequently, we may say that the existence of any body in 
one or other of the three states — solid , liquid , or gaseous — 
is solely dependent on the quantity of heat it contains 
(pressure being supposed constant). 

The quantity of heat absorbed by a body during the 
process of changing its state is very appropriately called 
‘ Constituent Heat * and also * Latent Heat / because this 
amount of caloric has no effect on a thermometer, and is 
therefore said to be latent in the substance. 

I have here used the term ‘ quantity of heat / and before 
going further it will be necessary to explain its meaning 
to you. Although we have no means of measuring the 
absolute quantity of heat contained in any body, yet we 
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may fix upon some relative standard, by which we can 
compare the different amounts of caloric, or heat, absorbed 
by different substances. The standard fixed upon is the 
quantity of heat necessary to raise the temperature of one 
kilogram of distilled water through one degree (as measured 
by the Centigrade thermometer ), or from 0° to 1° C. f and is 
called 1 One Degree of Heat. * And the number of degrees 
of heat required to raise a kilogram of any other substance 
through one degree of temperature * (0° to 1° C.) may be 
called the Specific Heat of that substance — referred to 
water as unity. 

Thus a kilogram of hydrogen requires 3-4 times as 
much heat as the same weight of water, to raise its 
temperature from 0° to 1° C., or in other words, a kilogram 
of hydrogen requires 3*4 degrees of heat to raise its 
temperature one degree. Hence the specific heat of 
hydrogen is 3 4, that of water being unity. Hydrogen, 
it may be remarked, has an abnormal specific heat, being 
greater than that of any other known substance. 

A kilogram of oxygen requires about Jth of a degree of 
heat to raise its temperature one degree. Hence the specific 
heat of oxygen may be represented by the fraction Jth (or 
more accurately *218). Every substance has its own specific 
heat, or, as it is sometimes called, ‘ capacity for heat.* 

Having explained the terms ‘ quantity of heat * ‘ degree of 
heat,* &c., we are now in a better position to understand 
what is meant by latent heat , and are enabled to apply a 
measure to it. 

If a kilogram of water at 80° C. be mixed with a kilogram 
of ice at 0° C., after the lapse of a short time, we shall have 
2 kilograms of water at the temperature 0° C. Here, then, 
the kilogram of water gives up its 80 degrees of heat to the 

* Care must be taken to distinguish between a degree of heat and 
a degree of temperature— Temperature indicates the intensity of 
heat m a body, but not the quantity . 


O, 
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ice, which absorbs that saqje amount in becoming water 
at D° C. — i.e. in changing its solid for the liquid state. 
The temperature of the liquefied ice, you observe, is not 
altered ; it remains 0° C. as at first. The 80 degrees of 
heat, then, which were lost by the water have been 
absorbed by the ice, in becoming liquid. That amount 
of heat has been spent in doing the work of overcoming 
the attraction of cohesion, which held together the 
particles of the ice in the solid state. These 80 degrees 
of heat, being insensible to the thermometer, are Baid to 
be disguised , or latent. 

The quantity, or number of degrees, of heat absorbed, or 
rendered latent, by a kilogram of ice at 0° C. in becoming 
water at 0° C., is called the latent heat of liquefaction of 
water , or the latent heat of ice , and sometimes the caloric 
of liquidity . 

From the result of the foregoing experiment it appears 
that the latent heat of ice is 80° — i.e., it requires 80 thermal 
units to reduce a kilogram of ice at 0° C. to a kilogram of 
water at the same temperature. 

A thermal unit , a unit of 'heat, and a degree of heat , are 
but three different modes of expressing the quantity of heat 
required to raise a kilogram of water through one degree 
of temperature. 

We can also measure the latent, or constituent, heat of 
steam , i.e . the quantity (measured in thermal units) of heat 
absorbed by a kilogram of water at 100° C. in becoming 
steam at 100° C., or, which is the same thing, the quantity 
of heat given out, or evolved, by a kilogram of steam at 
100° C. in becoming water at the same temperature. As 
this amount of heat is insensible to the thermometer, we 
must resort to other means of measuring it. 

A very simple method of determining this important 
element may be thus described in the words of Professor 
Williamson : — 
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* Put 5J kilograms of ice-cold water into a jar, and blow 
steam into it till no more can be condensed. Then weigh 
the boiling hot water thus obtained. The first portions 
of steam condense to water and are cooled by mixing 
with the ioe-cold water ; but at the end of the experiment 
the original 51 kilograms of water, together with the 
water formed by the condensation of the steam, are left 
at the temperature of 100° G. ; so that the steam may be 
considered to have been condensed without becoming 
cooler, and to have evolved 5J X 100 = 533° of heat by 
its condensation. The increase of weight is nearly one 
kilogram ; so that a kilogram of steam condenses to water 
of the same temperature evolving about 533° of heat/ 

Hence we may say that the latent heat of steam is re- 
presented by about 533 degrees of heat. More exact 
experiments have recently been made by Begnault, from 
which it is deduced that the latent heat of steam = 537 
units. 

Regnault has further given the following empirical 
formula for the total quantity of heat necessary for the 
evaporation of a kilogram of water at any temperature : — 
Total Heat = 606*5 + 0*305^ 

Using this formula, we find that the total quantity of 
heat in a kilogram of steam at 100° C. is 606*5 + *305 x 
100 = 637. Hence by subtracting the sensible heat (i.e. 
100°) we have, for the latent heat of steam, raised at 
100° C. the number 537. 

It has been ascertained that a kilogram of air, oxygen, 
hydrogen, or any other perfect gas requires more heat to 
raise its temperature 1° if the gas be allowed to expand 
while it is being heated than when its volume is not 
allowed to increase during the application of heat : hence 
the specific heats of gases under a constant pressure are 
greatqf than their specific heats at a constant volume . 
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If we call the specific heat of a gas at a constant 
volume 1, then its specific heat at a constant pressure, but 
increasing volume, will be represented by 1*418, or the 
ratio of the specific heats in the two cases is 1 : 1*413. 

You will very naturally ask the question why should 
air require more heat to increase its temperature 1° when 
it is free to expand than it would were it shut up in a 
bottle for instance ? 

Well, that question is easily answered : 

Let us now suppose that we have a liter of air in this 
bottle, and another 
liter of air in this long 
tube. You can fancy 
the air confined in the 
lower part of the tube, 
and prevented from 
mixing with the rest of 
the atmosphere, by a 
piston exactly fitting 
the tube. The piston 
may be supposed to be 
without weight, for the 
purpose of explana- 
tion. I am sure you 
all know (if not, you 
ought to know) that 
the atmosphere has Fig. 3. 

weight , and that it presses down on all bodies at the sur- 
face of the earth with a pressure of nearly 15 lbs. (14*7) 
on every square inch of surface, or 10*333 kilograms per 
square meter. Now, imagine the same amount of heat to 
be applied to each vessel ; the air in the bottle has 
nothing else to do with the heat it receives but warm 
itself ; whereas the air contained in the open tube in ex- 
panding has to lift the weight on the back of the piston, 
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caused by the pressure of the column of atmosphere 
directly over it, and for this purpose it takes the force 
necessary for moving that weight from the heat t leaving the 
remainder to warm the liter of air. Now you can answer 
the question by saying, that some of the heat is spent in 
doing the work of lifting the weight caused by the constant 
atmospheric pressure. 

Here I give you a table of the specific heats of some of 
the common metals. These numbers are very useful, and 
some of them should be remembered : — 


Metallic Names. 

Specific Heats. 

f Iron 

0*11379 

Zinc 

0*09555 

7 Copper 

0*09515 

11 Silver 

0-05701 

£ j Lead 

0*03140 

£ Bismuth 

0 08084 

Platinum 

0-03243 

Gold 

0-03244 

.Mercury (solid) 

0 03195 


In this table the standard referred to is the specific 
heat of water , which is taken as unity. We see by these 
numbers, each of which is less than unity, that it is more 
difficult to warm or to cool a given quantity of water than 
the same quantity of any of those substances mentioned 
in the list. Hence the great value of water, as a heat-storer , 
for domestic and culinary purposes. 

It has been shown by Mr. Joule, of Manchester, that if 
the force which is stored up in one degree of heat be ap- 
plied to do mechanical work (such as lifting weights), it 
would be found equivalent to 423*6 meter kilograms of 
work , that is, it would be sufficient to raise 1 kilogram 
weight to a height of 423*6 meters, or (which is the same 
amount of work) 423*6 kilograms to a height of 1 meter. 
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Now the unit of work (in the Metric System) being a 
kilogram lifted to a height of 1 meter, the mechanical 
equivalent of one degree of heat is, therefore, equal to 
423*6 (or in round numbers 424) units of work. Hence we 
see that a kilogram of steam, in condensing to water, 
would yield 537 X 424=227,688 units of work. This gives 
us a fair idea of the great amount of work obtainable from 
a small quantity of steam. 

It also follows that if a kilogram of water be let fall 
from a height of 424 meters, its temperature would be 
raised one degree. If a kilogram weight of any other sub- 
stance (than water) be let fall from this height, its tem- 
perature would be raised 1° x the reciprocal of the 
specific heat of that substance, assuming that all evolved 
heat were stored up in the falling body,* which, of course, 
would not be accurately true, as some of the heat would 
be imparted to the body fallen against. 

* Thus, the specific heat of iron being J, a kilogram of iron 
falling 424 meters would have its temperature raised 9 degrees, if 
all the evolved heat were stored in the iron. 



CHAPTER III. 


CHEMICAL PHILOSOPHY — GENERAL 
PRINCIPLES. 

The matter of which the world is composed is, you all 
know, not one uniform substance, such as a lump of lead, 
but is made up of different materials ; and these materials 
are either simple or compound. 

Bodies which cannot be separated, or decomposed, into 
two or more different kinds of matter are called Simple 
Substances, or Elements . 

All those bodies, which can be resolved into two or 
more different varieties of matter are, very properly, 
termed Compound Substances. 

The simple bodies, or elements, may be called the 
letters, and the compound substances, being composed of 
two or more simple ones, the words, of chemistry. 

Silver, for example, is an element, as it cannot be re- 
solved into anything else but Silver. Silver, then, repre- 
sents a chemical letter. 

Salt, being decomposable into the elements sodium, a 
metal, and chlorine a gas, represents a chemical word 
composed of two letters. We seldom find any chemical 
words containing more than six letters, so that you ought 
not to find it difficult to read our chemical language 
after a little study. 

The elements are divided into two classes — metals and 
non-metals — the latter being also called metalloids (metal- 
like). The former class are generally distinguished from 
the latter by certain properties which are possessed in a 
high degree by the metals, but are never found united in 
the non-metallic elements. 
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Such properties are those of conducting heat and elec- 
tricity, and the power of reflecting light, so as to give the 
appearance called metallic lustre . In addition, the metals 
may be said, generally speaking, to have what is termed 
the metallic ring , i.e. the ringing noise which is heard 
when we let a piece of metal, a coin for instance, fall on 
a flagstone or strike it with a hammer. 

Many of the metalloids possess in a less degree some of 
the properties just mentioned. Another distinction (and 
an important one) between the metals and the non-metals 
is that the former are electro -positive , while the latter are 
electro-negative , elements. 

I must now explain to you the sense in which these 
terms are to be understood. You know, I suppose, that 
before the terminal wires of a galvanic battery are brought 
together, i.e. before contact is made, the one pole or ex- 
tremity of the wire is in the positive, and the other in 
the negative, electric condition ; and that the current 
passes when the wires are brought into contact. 

Now if, instead of bringing the wires into actual con- 
tact, we interpose an electrolyte (which is a compound 
that can be decomposed by an electrio current passing 
through it) and make contact by inserting each terminal 
wire in the electrolyte, when the current passes this 
compound substance will be decomposed into its consti- 
tuents ; and it is observed that certain of those constitu- 
ents invariably appear at the positive, and others at the 
negative, pole of the battery. 

Therefore, on the well-known principle that bodies 
oppositely electrified attract each other, those constituents 
which constantly make their appearance at the positive 
pole are said to be electro -negative, and those which 
constantly appear at the negative pole are called electro- 
positive. 
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For example, if we analyse (or resolve into its consti- 
tuents) water, by the aid of a galvanic current, we invari- 
ably find that hydrogen is set free at the negative, and 
oxygen at the positive, pole. Hence hydrogen is regarded 
as an electro-positive, and oxygen as an electro-negative, 
body. 

Hydrogen, which behaves like the metals, is now very 
generally believed to be a metal in the gaseous state. 

About sixty-nine or seventy elements, or simple bodies, 
have already been discovered.* Many of them are still 
very scarce, being only obtainable in such minute portions 
that their value and use in the arts have not yet been 
fully ascertained. Of these seventy bodies about four- 
fifths are metals and one-fifth metalloids. 

The names assigned to these elements are, in many in- 
stances, of Latin origin. Some of them are designated 
by names indicative of some peculiar property which they 
may happen to possess : for instance, chlorine is so called 
from a Greek word, chloros, signifying green, it being a 
greenish-coloured gas. 

We use a kind of short-hand in writing the names of 
the elements ; the first letter of the name serves to indi- 
cate some ; a second distinguishing letter is added, when 
more than one element begins with the same letter. 
These abbreviations are called Chemical Symbols. 

The names and symbols of some of the most frequently - 
occurring elements must be carefully committed to memory. 

Here is a list of the elements, arranged in alphabetical 
order, and in column (3) you will find their chemical 
symbols : — 

* Several of these have recently been discovered by the aid of the 
1 Spectroscope,’ and it is probable that the Spectrum Analysis of the 
heavenly bodies will add considerably to the list of elementary sub- 
stances. It is, moreover, possible that some of the substances, now 
regarded as elements, may, through the aid of improved means of 
research, prove to be subtle compounds. Nitrogen, Sulphur and 
Chlorine, for example, are already suspected to be compound bodies. 



26 THE ELEMENTS AND THEIB SYMBOLS. [CHAP. Ill, 
Table A, 


Showing the names and symbols of the Elements . 


(1) 

(2) 

(3) 

a) 

(2) 

(8) 

Name. 

Latin Name. 


Name. 

LatinName 

Sym- 

bol. 

Aluminum .. 


Al. 

Molybdenum 


Mo. 

Antimony. . . . 

Stibium .... 

Sb. 

Nickel 

.... 

Ni. 

Arsenio 


As. 

Niobium. . . . 


Nl>. 

Barium 

.... 

Ba. 

Nitrogen. . . . 


N. 

Bismuth .... 


Bi. 

Osmium 


Os. 

Boron 

.... 

B. 

Oxygen .... 


0. 

Bromine 

.... 

Br. 

Palladium . . J 

Pd. 

Cadmium .... 

.... 

Cd. 

Phosphorus..! .... 

P. 

Caesium 

.... 

Cae. 

Platinum , ,| .... 

Pt. 

Calcium .... 

.... 

Ca. 

Potassium . . 

(Kalium) . . 

K. 

Carbon 

.... 

C. 

Rhodium . . .... 

It. 

Cerium 

• • • • 

Ce. 

Rubidium ... .... 

Rb. 

Chlorine 

.... 

Cl. 

Ruthenium . .... 

Ru. 

Chromium . . 

.... 

Cr. 

Scandium 

Sc. 

Cobalt 

.... 

Co. 

Selenium 

Se. 

Copper 

Cuprum .... 

Cu. 

Silicon ’ 

Si. 

Decipium 


De. 

Silver 

Argentum . 

Ag. 

Didymium . . 


D. 

Sodium .... 

(Natrium) . Na. 

Erbium .... 

.... 

E. 

Strontium . . i .... 

Sr. 

Fluorine 

.... 

F. 

Sulphur 1 

S. 

Gallium 

• • • • 

Ga. 

Tantalum . . I .... 

Ta. 

Germanium . . 

.... 

Ge. 

Tellurium . , 

Te. 

Gluoinum 

.... 

G. 

Thallium 

Tl. 

Gold 

Aurum .... 

Au. 

Terbium....! .... 

Tr. 

Hydrogen . . . 

.... 

H. 

Thorium 1 

Th. 

Indium 


In. 

Tin 


Sn 

Iodine 

;;;; 

I. 

Titanium . ! 

Ti. 

Iridium 

.... 

Ir. 

Tungsten (or 



Iron 

Ferrum .... 

Pe. 

Wolfram). . 


W. 

Lanthanum . . 

.... 

La. 

Uranium . . 


U. 

Lead 

Plumbum. . . 

Pb. 

Vanadium . . 


V. 

Lithium .... 

.... 

Li./ 

Y ttrium . . 


Y. 

Magnesium . . 

.... 

Mg. ' 

Ytterbium . . 


Yb. 

Manganesium 

.... > 

Mn. 

Zinc 


Zn. 

Mercury .... 

Hydrargyrum jHg. 

Zirconium . . 


Z. 


The names of most of the metals have been made to 
terminate in um, as Platinum. Aluminum, &c., in order to 
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correspond with the terminations of the Latin names of 
those known to the ancients. 

With the exception of Selenium and Tellurium, the 
names of none of the metalloids end in * urn.' Selenium 
and Tellurium, though considered by many chemists to be 
metals, are sometimes classed with the metalloids, and may 
continue to be so until we obtain more conclusive evidence 
to the contrary than at present exists. The chemistry of 
these elements is usually considered in conjunction with 
sulphur ; that of Arsenic with the Metals. 

The following table gives the names and symbols of the 
elements commonly known as metalloids, or non-metallic 
elements : — 

Table B, 


Shoiving tlienamcsand symbols of the Non-Metallic Elements . 


Name. 

Symbol. 

Condition at ordinary atmos- 
pheric temperatures. 

1. Oxygen 

0. 

Gaseous. 

2. Nitrogen 

N. 

> » 

3. Chlorine 

Cl. 

,, 

4. Fluorine 

F. 

> > 

5. Bromine 

Br. 

Liquid. 

6. Iodine 

i. 

Solid. 

7. Carbon 

i c. 


8, Boron 

B. 

> » 

9. Silicon 

: Si. 

11 

10. Phosphorus 

P. 

} i 

11. Sulphur 

S. 

f i 

12. [Selenium] 

' |8e.] 

” 1 

13. [Tellurium] 

14. [Arsenic] 

i [Te.l 
[As.] 

” r Semi-metallic. 


Now, having given you the symbols for the elements, 
before we go further, let me impress on your memory the 
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fact that these symbols stand for something more than 
mere abbreviations for the names themselves. Each 
symbol represents a certain proportion, or number of 
parts by weight, of the element it stands for, and not the 
element itself in the general, or abstract, sense. 

As an illustration, I may tell you that 0 does not stand 
for the term Oxygen in general, but for 1 6 parts by weight 
of Oxygen ; so also H stands for 1 part by weight of 
Hydrogen : and so on with the other elements. The 
numbers representing these proportions, or parts by weight, 
are commonly called combining proportions , or atomic 
weights. 

The term chemical equivalent was formerly used 
synonymously with atomic weight. In modern Chemistry, 
however, it is necessary to distinguish between these ideas. 
Two quantities of different bodies can only be said to be 
equivalent to each other when they can replace each 
other in combination, and the proportions in which bodies 
thus replace each other are, properly speaking, their 
equivalent proportions . Some bodies, too, such as iron, 
mercury, &c., have two equivalents, although they can 
have but one atomic weight. 

A fuller explanation of this subject will be given in a 
future lecture (Chapter IX.). 

The great mass of the earth’s rocky crust is composed of but a 
limited number of the elements. According to a rough estimate, 
the following list represents tlieaverago percentage composition of the 


crust of the earth : — 

Oxygen 48 

Silicon 29 

Aluminum 8 

Iron 6 

Calcium 3 

Magnesium 2 

Sodium 2 

Potassium 1*5 

Hydrogen 0-2 

Remaining Elements .... 0*3 


100 



CHAPTER IV. 


CHEMICAL PHILOSOPHY— GENERAL 
PRINCIPLES. 

In the last lecture we learned that a compound substance 
was one which could be resolved into two or more simple 

* 

ones. 

This statement naturally suggests the inquiry : Can we 
not make compound bodies by mixing together two or more 
simple ones ? The question admits of an affirmative answer, 
but as the mere mixing of bodies is not always sufficient to 
cause them to unite chemically, we had better now consider 
the conditions necessary for combination. 

One of the most important of those conditions is that 
chemical attraction , or affinity , should exist between the 
simple bodies brought together. By affinity you are to 
understand the force by virtue of which two or more simple 
atoms combine to form a compound atom, or molecule. 

1 Molecule is the name given to the smallest cluster of 
atoms of any substance, whether an element or a compound, 
that is believed capable of existing by itself ; and every pure 
compound consists of similar molecules.’ 

Affinity, or chemical attraction, differs from the attrac- 
tion of gravitation (the force of gravity), and from cohesion 
in many respects. The force of gravity operates at all, 
even the greatest distances t while chemical affinity and the 
attraction of cohesion operate only at insensible distances .* 

Affinity is to the chemist what gravity is to the student 
of mechanics, ‘ the most important of the forces active in 
nature.* 

The attraction of gravitation is the power by virtue of 
which matter attracts matter ; it is exerted by all masses 
* i.e . distances so short as to be imperceptible to the senses. 
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of matter, however large : 1 it is the invisible, yet insuper- 
able, tie which, connecting together the satellites and 
planets of our system with the central sun, assigns to 
each of the tenants of our boundless skies its place and 
motions/ 

The downward pressure caused by the exercise of this 
attractive force on any body within the earth's * sphere of 
attraction ’ is called the weight of that body. 

Molecular attraction, or cohesion, maybe considered as 
the force by the exercise of which the individual molecules 
of bodies are held together. 

The differences between these three attractive forces 
are exhibited in the following table : — 

Table C, 

Showing the differences between gravity , molecular , 
and chemical attraction . 

is exerted by every variety and 
Attraction of by all masses of matter of what- 

Gravitation soever dimensions, and at all 

distances. 

is exerted, generally, by molecules 
of the same kind ; no new pro- 
Molecular Attraction, per ties are found in the aggre- 
or Cohesion, gations of matter formed by its 

influence, and it acts only at 
insensible distances. 

is exerted, generally, by atoms 
of different kinds* ; the com- 
pounds formed by its influence 
Chemical Attraction, possess properties different from- 
or Affinity, those of its constituents ; it acts 

only on definite proportions of 
matter, and only at insensible 
distances. 

* The molecules of an element are composed of atoms of the same 
kind, held together by the bond of affinity. 
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I cannot better illustrate the distinctions between mole- 
lar attraction and affinity than by quoting the words 
my revered teacher, the late Professor Apjohn : — 

4 If a crystal of Iceland spar be struck with a hammer, 
breaks up into two or more fragments. The force 
lich previously held the fragments in juxtaposition, and 
lich has been overcome by the mechanical violence em- 
iyed, is molecular attraction. If now one of these frag- 
mts be thrown into a little nitric acid, a gas known to 
emists under the name of carbonic acid, escapes ; and 
le, the second proximate constituent of the spar, enter- 
l into union with the nitric acid, gives rise to the pro- 
ction of the salt called nitrate of calcium. The force 
lich held the carbonic acid of the spar in union with 
lime, and which has been overcome by the interven- 
n of the nitric acid, is chemical affinity. Though quite 
'tinct, these forces are nevertheless very intimately 
ated in one important particular, viz. that whatever 
n uces the energy of cohesion promotes the action of affinity . 
mce heat and solvents, which diminish the cohesion of 
ids, invariably favour their chemical action on each 
ler. Sulphur and copper, when mixed, do not combine 
til heat is applied ; and dry nitrate of copper, when 
read upon tinfoil, exerts upon it no chemical action 
til a little of the former is dissolved by the addition of 
w drops of water, when the oxidation of the metal is 
Jdly accomplished, and with the phenomena of com- 
ClOn.* 

ome philosophers consider that the 4 attraction of ad- 
on, by virtue of which small particles of matter, such 
lust, adhere to the walls of our houses and to our 
•hing, is identical with cohesion, or molecular attrac- 
i. As adhesion and its laws belong rather to the study 
mechanics than to that of chemistry, we shall leave 

fnll OTnlonofmn +V»a +no/*V»or r\f fnrmpr firtiftnftft 
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and proceed to consider other conditions necessary for 
combination ; and for that purpose I must ask you care-i 
fully to observe the following experiments. 

I take a small piece of phosphorus and dry it in thii 
blotting paper. Now I have put the phosphorus into this 
bent spoon. I ignite it in the lamp, and then introduce 
the spoon into this glass jar, which is ready filled witt 
oxygen. 

Now observe the result ! The phosphorus bursts intc 
a very brilliant flame, which is due to the heat evolved bj 
the combination of the phosphorus with the oxygen. 

The compound thus formed appears like white smoke . 
which precipitates on the sides of the jar, and finally falls 
down into the water below, forming with it a solution o. 
phosphoric acid. : 

Now I shall perform a similar experiment, usinij 
chlorine instead of oxygen. The jar is now full of 
chlorine ; in this case I dry a small fragment of phos- 
phorus, as before, and cut it into little pieces, but I do not 
ignite it previously to introducing it into the jar of 
chlorine Observe the result. The phosphorus takes 
fire and bursts into a flame of yellowish -green colour. 
The compound produced by the combination of the 
phosphorus and chlorine is called chloride of phosphorus. 
Phosphorus and iodine also combine without heating, 
forming iodide of phosphorus, 

We conclude from these experiments that the tew 
perature at which combination takes place is not the sar, 
for all substances . The chlorine and phosphorus con* 
bined without the aid of a higher temperature than that c 
the atmosphere; whereas the oxygen and phosphoru 
required to be heated, by igniting the phosphorus, befor 
they entered into rapid combination. Hence we may sa^ 
that a certain temperature {varying with the substance ) is 
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a necessary condition for the combination of different 
substances . 

Experiments like those just performed might easily be 
multiplied, but as we shall have more of them when 
studying the chemistry of the different elements, I shall 
now only draw your attention to one more experiment in 
illustration of the fact that a certain definite tem- 
perature is a necessary condition for the combination of 
bodies. 

1 Place in a beaker, or other convenient glass vessel, a 
piece of phosphorus, and half-fill the vessel with water. 
Fill ft bladder, which is fitted with a stop-cock and bent 
tube, with oxygen, and direct a stream of gas upon the 
phosphorus. When the two elements come in contact 
the phosphorus will not burst into flame ; increase the 
temperature of the water ten degrees and then direct the 
-Stream of oxygen upon the phosphorus. Continue to in- 
crease the temperature of the water ten degrees, after 
each occasion that the oxygen has been directed upon the 
phosphorus, until the phosphorus bursts into flame when 
the two elements are brought into contact. When this 
takes place, the temperature of the water will be about 
145° F.* — (Galloway). 

The chemical combination of two or more bodies is 
frequently attended with an evolution of heat, light or 
electricity. 

You observed that when phosphorus was made to 
combine with oxygen, by heating the phosphorus to the 
temperature at which rapid combination takes place, more 
heat and light were evolved than were imparted to the 
phosphorus in the first instance by the flame of the lamp. 
The light evolved was almost dazzling. A certain initial 
temperature is necessary in order to make phosphorus 
and oxygen begin to combine (by rapid combustion), and 

3 
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the amount of heat necessary for its continuance (and in 
this case more than sufficient for that purpose) is evolved 
during the act of combination. Hence once combustion 
of the phosphorus in oxygen is started we do not need to 
apply further heat. 

?ou will probably ask, are there any instances in 
which the heat evolved during the combination of sub- 
stances is insufficient (without the application of external 
heat) to continue the act of combination ? 

Well, there are : but instances of this kind rarely occur. 
There is one very remarkable case of this nature which 
deserves to be noticed, inasmuch as it is not only a good 
example of its kind, but also teaches us to admire the 
wisdom of the Creator in providing conditions suitable to 
our nature. 

It is a well-known fact that nitrogen and oxygen do no.t 
combine under ordinary circumstances ; it would, indeed, 
be bad for us if they did, since, by so doing, they would 
deprive us of one of the essential conditions of life, viz. 
the free oxygen in the atmosphere. 

The atmosphere, as you will presently learn, is com- 
posed of a mixture of oxygen and nitrogen, not in 
chemical combination, but a mere mechanical mixture. 
Now, when a portion of the atmosphere is confined in a 
vessel and electric sparks passed through it, the oxygen 
and nitrogen combine, forming acid vapours," to inhale 
which, even in small quantities, is most injurious to the 
human system, and were the whole atmosphere converted 
into these acid vapours, our life would become extinct. 

But (according to Dr. Frankland) the temperature at 
which combination takes place between nitrogen and 
oxygen is about 3000° C. The temperature produced by 
the combustion of oil, gas, candles, fires, &c., is con- 
* Consisting of gaseous nitric and nitrous acid. 
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siderably below this, and therefore insufficient for the 
combination of the two gases under consideration. 

The temperature of the electric spark, however, we 
have said, is sufficiently high to determine their combi- 
nation, so also is the temperature of the oxy-hydrogen 
flame (about 7000° C.). 

Why is it, then, that neither the lightning discharge 
nor the oxy-hydrogen flame can * set the air on fire,* i.e. 
make its constituents, oxygen and nitrogen, combine to 
form those acid vapours which would destroy our lives ? 

Here is the secret ! Because the heat evolved by the 
combination of nitrogen and oxygen is insufficient to con- 
tinue the act of combination, or, in other words, although 
we can, as it were, set fire to the air by the flame of the 
oxy-hydrogen blow pipe, in consequence of the heat pro- 
duced by the combustion of nitrogen and oxygen being 
less than what is required for their chemical union, the 
combination of these gases cannot be propagated from 
particle to particle, but is confined to those particles in 
immediate contact with the flame. 

The same reasoning may be applied, mutatis mutandis , 
with regard to the electric discharge. 

You can now understand why our atmosphere is not 
converted into nitric acid during a thunderstorm, and can 
admire the Infinite wisdom displayed in the selection of 
the constituents of the air we breathe. 

Were the nitrogen of the atmosphere replaced by 
another gas, hydrogen for example, what would become 
of us ? The first attempt to light a fire, candle, or other 
combustible material would cause the atmosphere to take 
fire and explode with such sudden violence as to kill all 
the inhabitants of the earth ; and even if we could sur- 
vive the shock we would afterwards be suffocated by the 
remaining hydrogen, for fths of the atmosphere would 
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thus be converted into water, the remaining fths, being 
hydrogen, would very soon put an end to our existence. 

Thousands have lost their lives by bringing a 
lighted candle or lamp into an explosive atmosphere , such 
as is often met with in coal mines. A gas known to 
chemists by the names Marsh Gas and Light Carhuretted 
Hydrogen is frequently formed in coal mines ; it issues 
out of fissures in bituminous coal, and mixes with the 
air in the mine. This gas will burn in contact with air 
with a pale blue light , although, if a lighted taper be 
immersed in a jar of it, the taper will be extinguished. 
A mixture of one volume of this gas with about ten 
volumes of air forms a most explosive mixture. It is 
called Fire-Damp by the miners. Such a mixture often 
occurs in coal mines, and when accidentally ignited brings 
death and destruction to numbers of our fellow-creatures. 
After explosion the fire-damp is converted into carbonic 
acid* and water. 

This brings me to the explanation of the principle of 
the Safety Lamp , the invention of Sir Humphry Davy. 
It is used for the purpose of giving light to coal miners in 
collieries where fire-damp occurs. In order that you may 
clearly understand the principle on which its safety 
depends, I must ask your attention to the following ex- 
periments : — 

On this pencil I coil a piece of copper wire ; having 
done so, I light this piece of wax candle. Observe now, 
when I put the spiral over the wick, that the cardie 
* goes out/ i.e. the flame is extinguished. Why is this ? 
It is because a certain amount of heat is necessary for 
the continuance of the combustion of the candle, and 
after it is once lighted, the amount of heat required is 
evolved by the combination of the carbon, &c., in the 
candle with the oxygen in the air. Now metals being 
* Called choke-damp by the miners. 
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good conductors of heat, the copper wire conducts away 
some of the evolved heat, and thus reduces tJie temperature 
bebv) the point at which combination is possible. This is 
the reason why the candle goes out. If now I heat the 
wire to redness, and then place it over the wick, it will 
not extinguish the flame. This shows plainly that it is 
the chilling effect of the cold metal which extinguishes 
the flame. 

For the same reason the flame of a spirit-lamp or of a 
gas jet cannot pass through a screen of wire gauze. Ob- 
serve, when I place this piece of wire gauze over the 
flame of a spirit-lamp, that the flame appears as if the 
top were cut off, the metallic wire conducts away a 
portion of the heat evolved during the combination of 
the vapour of the spirit with the oxygen of the air, and 
thereby reduces the temperature below the point at 
which combination is possible. If I apply a light to the 
vapour which passes through the meshes of the gauze, it 
will take fire and burn above as well as -below. The 
same will happen if I redden the wire screen 
before applying it to the flame ; hence, you perceive, it 
must be the chilling influence of the cold metallic screen 
that extinguishes the upper portion of the 
flame. I may even blow out the flame beneath 
the screen, and allow it to burn only above it. 

You will now understand why a miner may 
enter an atmosphere of fire-damp with a Davy’s 
Safety Lamp (Fig. 4) in his hand. 

The lamp is a common oil lamp surrounded 
with a cylinder of wire gauze ; the upper portion 
of the cylinder is usually double for the purpose 
of making it more secure. 

When the miner meets with an atmosphere 
of fire-damp, the mixture enters the lamp and 
burns away inside, but, in consequence of the metallic 
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gauze intervening, the combustion cannot be propagated 
to the explosive gas outside the wire screen. 

The miner knows, by the appearance of a blue flame in 
the interior of the lamp, when he is in contact with the 
fire-damp, and is thus cautioned to leave the mine till it 
is better ventilated. 

We have seen that dry nitrate of copper refused to 
combine with tin-foil till it (the nitrate of copper) was 
dissolved by the addition of a few drops of water.* Some 
metallic salts when strongly heated in a tube are decom- 
posed, leaving the metal in a fine state of division , which, 
when shaken out into the air, immediately takes fire, 
owing to its combination with oxygen. Tartrate of lead 
thus treated forms the well-known lead pyrophorous. 
Hence we conclude that another condition favourable to 
the combination of two or more bodies consists in their 
being presented to each other in a suitable molecular 
state . Thus, some substances that readily combine when 
in the state of vapour will not do so at all when in the 
solid condition ; for instance, if a piece of charcoal and a 
stick of sulphur be brought together, no chemical action 
takes place, whereas if the vapour of sulphur be brought 
into contact with red-hot charcoal, combination takes 
place, and a very explosive liquid, called bi-sulphide of 
carbon, is produced. 

There are other minor conditions which are sometimes 
necessary for determining the combination of bodies — 
these shall be noticed as they occur in our course of study. 

As a matter of fact, every new compound said to be 
made by the hand of the chemist is but the result of the 
fundamental laws of composition; the chemist simply 
provides conditions favourable for combination. 

* The particles of dissimilar solid bodies are brought into closer 
proximity by solution than when left in their original dry state. 
Hence solution generally favours chemical action, which takes place 
only at insensible distances. 
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CHEMICAL PHILOSOPHY— GENERAL 
PRINCIPLES. 

We shall now proceed to consider the laws which 
govern the proportions by weight , in which substances 
enter into chemical combination. 

Here is some infusion of purple cabbage.* I shall divide 
it into two portions, which I shall call a and b ; now to 
the portion a I add a little soda ; you observe that it 
becomes green ; to the portion b I add a few drops of oil 
of vitriol (hydrogen sulphate), this you see turns it red ; 
now I shall carefully add this red solution to the green 
one, drop by drop. You will observe that when a certain 
quantity of the red, or acid, solution has been added to 
the green, or alkaline, solution, the mixture will be 
restored to its original purple colour. If now I add 
another drop of the red, or acid, solution, the red colour 
will be again produced ; if instead of adding an additional 
drop of the red solution to the mixture, I were to add a 
drop of the green, or alkaline, solution, the green colour 
would be immediately reproduced. 

This experiment teaches us that the red and green 
solutions must be mixed together in a certain fixed and 
definite proportion in order to restore the original purple 
colour. The red solution contains sulphuric acid and 
the green soda, and when mixed together in some fixed 
and definite proportion, the purple colour is restored to 
the mixture, because, then the acid and alkaline con- 
stituents neutralize each other, in combining together to 

* In the absence of purple cabbage, tincture of litmus will answer 
the purposes required, but the changes of colour are not so striking 
as with the former. Tincture of violets may also be used for this 
experiment. 
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produce the definite compound sodium sulphate (sulphate 
of soda), which has neither acid nor basic action on the 
infusion of purple cabbage.* 

Common salt, when analysed, is always found to be 
composed of two elements, united together in certain 
invariable proportions, namely, 23 parts by weight of 
sodium and 35J parts by weight of chlorine. 

Water is always composed of two elements (hydrogen 
and oxygen), in the proportion of 2 parts by weight of 
hydrogen to 16 parts by weight of oxygen. 

Ail known chemical compounds are found to consist of 
certain elements combined together in invariable propor- 
tions. In fact, a chemical compound is distinguished 
from a mechanical mixture by its being, under all 
conditions , composed of certain elements united in fixed 
proportions by weight, as well as by its possessing pro- 
perties different from those of its proximate constituents. 

Hence we deduce the first law of combination — 

The same chemical compound invariably consists of the 
same elements associated in a constant proportion . 

The question may now be asked — Can more compounds 
than one be formed out of the same elements ? Yes, we 
know of five distinct compounds of the elements oxygen 
and nitrogen alone ; they are : — 

Parts by weight. Parts by weight. 

1. Nitrogen Monoxide, containing 28 of Nitrogen to 16 of Oxygen. 

2. Nitrogen Dioxide „ 28 „ „ „ 82 „ „ 

8. Nitrogen Trioxide „ 28 „ „ ,, 48 „ ,, 

4. Nitrogen Tetroxide „ 28 „ „ „ 64 „ „ 

5. Nitrogen Pentoxide „ 28 „ „ „ 80 „ „ 

You will observe that while the same quantity of 
nitrogen is found in each of these compounds, the 
quantity of oxygen is in the exact proportion of the 
numbers 1, 2, 3, 4, 5. 

* Compare page 91. 
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This is one of the most remarkable examples of the 
second law of combination, or the law of combination in 
multiple proportions. This law is expressed as follows : — 

When one body combines with several progressively- 
increasing proportions of another , giving rise to a series of 
distinct compounds , the higher proportions are simple 
multiples of the first, or lowest .* 

In every well-defined series of compounds this law 
obtains. 

In the above example each proportion of the variable 
element (oxygen) is a multiple of the first, or lowest. 
Hence if any body can combine with more than 16 parts 
by weight of oxygen, it must combine with some other 
quantity of it which is a multiple of 16. f Analysis shows 
that all chemical compounds which contain sulphur 
yield either 32 proportions of it, or some multiple of that 
number. So also with the other elements ; iron, for 
instance, is found always in the proportion of 56 parts 
by weight, or some multiple of that number. 

Dalton, who discovered this law of multiple proportions, 
in endeavouring to explain why the elements combine in 
multiples of their combining proportions, propounded his 
celebrated Atomic Theory . 

4 Reviving the idea of Leucippus and the expression of 
Epicurus, he supposed that bodies are formed of small 
individual particles, which he called atoms . To this old 
and vague notion he attached an exact meaning by 
supposing, on the one hand, that the atoms of each kind 
of matter possess a constant weight, and, on the other, 

* In some cases the proportion in which the elements unite is 
rather less simple, 2 proportions of one element combining with 3, 
5, or 7 of the other. — Miller. 

f Sixteen is the smallest proportion in which oxygen is known to 
enter into combination, and is therefore called its combining 
proportion or atomic weight. 
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that combination between two kinds of matter takes- 
place, not by penetration of their substance, but by juxta- 
position of their atoms . This fundamental hypothesis 
being admitted, the fact of definite proportions and the 
fact of multiple proportions are simply and satisfactorily 
explained. The definite proportions in which bodies 
combine represent the constant ratios between the weights 
of the juxtaposed atoms. Multiple proportions indicate 
the variable numbers of atoms of the same kind, which 
may unite with one or several atoms of another kind, 
this latter case being that in which several compounds 
are formed by the union of the same two bodies.* * 

As the elements combine in fixed proportions by weight, 
if the smallest of these proportions be determined, we can 
represent them by numbers, and thus construct a table 
of numbers which will represent the combining weights 
of the elements. Such a table I will now show you. 
(See Table D.) These numbers, representing the combin- 
ing proportions of the elements, are called their atomic 
weights, in accordance with Dalton’s Theory, inasmuch 
as they represent the weights of their atoms, not the 
absolute , but the relative , weights. 

‘ They are numbers expressing relations of weight. 
The term of comparison is the weight of one of the atoms 
taken as unity. Dalton chose hydrogen for the unit. 
These atomic weights of Dalton were called eqxtivalents 
by Wollaston, proportional numbers by Davy ; and we see 
that these notions of atomic weights and equivalents, 
which have since been separated, were originally con- 
founded together, and represented nothing but the 
proportions by weight in which bodies combine.* t 

You are now prepared to receive the following table of 
atomic weights : — 

* History of Chemical Theory, by Ad. Wurtz. 

f Id. 
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TABLE D, 

Showing the names , symbols and atomic weights of the 
more commonly occurring Elements . 


Name. 

Symbol. 

Atomic 

Weight. 

Name. 

Symbol. 

Atomic 

Weight 

Aluminum 

A1 

27-1 

Mercury 

ITg 

200 

Antimony .... 

Sb 

122 

Molybdenum. . 

Mo 

90 


As 

75 

Nickel 

Ni 

59 

Barium 

Ba 

137 

Nitrogen .... 

N 

14 

Bismuth 

Bi 

210 

Oxygen 

0 

10 

Boron 

B 

11 

Palladium 

Pd 

10G-5 

Bromine .... 

Br 

80 

Phosphorus . . 

P 

31 

Cadmium 

Cd 

112 

Platinum .... 

Pt 

197 

Calcium 

Ca 

40 

Potassium. . . . 

K 

39 

Carbon 

C 

12 

Selenium 

So 

795 

Chlorine 

Cl 

35*5 

Silicon 

Si 

28 

Chromium 

Cr 

52-5 

Silver 

Ag 

108 

Cobalt 

Co 

59 

Sodium 

Na 

23 

Copper 

Cu 

63-5 

Strontium. . . . 

Sr 

87-5 

Fluorine 

F 

19 

Sulphur 

S 

32 

Glucinum .... 

G 

9 

Tellurium .... 

Te 

1*28 

Gold 

Au 

197 

Tin 

Sn 

118 

Hydrogen 

II 

1 

Titanium .... 

Ti 

50 

Iodine 

I 

127 

Tungsten 



Iron 

Fe 

5G 

(Wolfram) . . 

W 

184 

Lead 

Pb 

207 

Uranium 

U 

240 

Lithium 

Li 

7 

Vanadium. . . . 

V 

51 

Magnesium . . 

Mg 

24 

Zinc 

Zn 

65 

Manganesium. 

Mn 

55 





When we say that the atomic weight of oxygen is 16, 
what do we mean ? Is it that an atom of oxygen weighs 
I61bs., ozs., kilograms, grams, or such like? No, we 
mean nothing more than that an atom of oxygen is 16 
times as heavy as an atom of hydrogen. Hydrogen 
being the lightest substance known, the weight of its 
atom is taken as the unit by which the weights of the 
atoms of all other elements are measured . Each atom of 
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any one element has the same weight as any other atom 
of the same element, under all circumstances. Each 
atom of any one element has the same volume, or bulk, 
as each atom of every other element, when under the 
same circumstances. This is equivalent to saying that 
the atoms of all the elements have the same size.* 

It may be asked, what quantity of any element are we 
to select in determining its atomic weight ? 

This question is answered by the following definition : — 

4 The smallest quantity of any particular element, 
whether or not of itself volatile, that is found to exist in 
two gaseous volumes of any of its compounds, is taken as 
its atomic weight.’ — (Odling). 

The atomic theory being a subject of great difficulty to 
beginners in Chemistry, I have dwelt upon it at unusual 
length. I shall now turn your attention to the remaining 
laws of combination. The third law of combination may 
be stated as follows : — 

If two bodies combine in certain proportions with a third , 
they combine in the very same proportions icith eachother,\ 
provided that combination between them be possible. 

Thus 16 parts of oxygen combine with 56 parts of iron, 
and 32 parts of sulphur combine with 56 of iron. This 
law simply states, that if it be possible for sulphur and 
oxygen to combine together, they will do so in the pro- 
portion of 32 parts sulphur to 16 oxygen, or in some 
simple multiple of those numbers. 

This law has been verified by a number of exact 
analyses of compound bodies. 

It has been proved by numerous experiments that the 

* The ‘ law of volumes ’ will be found more fully explained in 
Chapter VII. 

f This, which is called the law of Reciprocal Proportion, is 
subject to the same variation as the Law of Multiples. 
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number representing the combining, or molecular, weight 
of a compound body is equal to the sum of the numbers 
representing the combining proportions of the elements 
which compose it. This experimental truth is set down 
by some chemists as a fourth law of combination, and is 
called the law of Compound Proportion. 

Water, for example, always consists of 2 parts by 
weight of hydrogen and 16 of oxygen. The sum of these 
numbers 18 ( = 2 -f- 16), is the number which invariably 
represents the combining proportion of water. 

It appears a self-evident fact that the weight of a 
compound body should equal the sum of the weights of 
its components. 

The laws of combination may be repeated here by way 
of recapitulation : — 

I. — The law of constant (or definite) proportion. 

The same chemical compound invariably consists 
of the same elements associated in a constant pro- 
portion . 

II. — The law of multiple proportion. 

When one body combines with several progres- 
sively increasing proportions of another, giving rise 
to a scries of distinct compounds , the higher pro- 
portions are simple multiples of the first, or loivest . 

III. — The law of reciprocal proportion. 

If two bodies combine in certain proportions with 
a third, they combine in the very same proportions 
with each other , provided that combination beticeen 
them be possible . 

IV. — The law of compound proportion. 

The combining proportion of a compound body is 
equal to the sum of the combining proportions of its 
components . 
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The first three laws are found to hold good for com- 
pounds which enter into combination (as a whole) with- 
out undergoing decomposition, as indeed might be inferred 
from the fourth law. Such compound groups are known 
as compound radicles. 

An important help, in determining the atomic weights of 
the elements, is derived from the following law, discovered 
by Dulong and Petit : — 

The product of the atomic weight and specific heat of any 
elementary substance is a constant quantity . This product 
is termed atomic heat . Every element, then, has the 
same atomic heat (about 6*2). 

From this law it follows that the same quantity of heat 
is required to raise a single combining proportion of each 
of the elementary bodies through the same range of 
temperature ; thus it takes the same amount of heat to 
raise 24 parts by weight of magnesium, 23 of sodium, 
108 of silver, or 39 of potassium, through the same range 
of temperature. This fact may be expressed by saying 
that the specific heat of the atomic weight of every one* 
of the elements is the same. 

The atomic weights of many of the metals, which do ' 
not form volatile compounds, have been determined by 
the aid of this wonderful law; those weights of the 
different metals which have approximately the same 
specific heat as G5 parts of zinc, 118 parts of tin, and 210 
parts of bismuth,! being selected as their respective 
atomic weights. 

Faraday has discovered the remarkable law that the 
quantity of electricity tohich is required to decompose one 

* A few apparent exceptions exist. 

f As zinc, tin, and bismuth form volatile compounds, tlicir 
atomic weights are determined by the more direct method of finding 
the weight of the smallest quantity existent in two gas-volumes of 
such compounds. 



CHAP. V.] ELECTRO-CHEMICAL DECOMPOSITION. 47 

molecule of water will decompose a molecule of chloride of 
tin , a molecule of chloride of silver , or a molecule of any 
electrolyte . It is a ‘golden truth that, under every 
variety of circumstances, the decompositions of the 
voltaic current are as definite in their character as those 
chemical combinations which gavo birth to the atomic 
theory. This law of electro - chemical decomposition 
ranks, in point of importance, with that of definite com- 
bining proportions in chemistry.’* 

It is a well-established fact tj hat the quality of elec- 
tricity required to decompose a molecule of an electrolyte, 
in the decomposing cell, is gene^ e ^ ccjnversunof 
an atom of zinc, by oxidation, ’tpto a moj^cule of zinc 
oxide: from this Faraday ha concluded that ‘the 
quantity of electricity which, hfbg nat/urally associated 
with the particles of matter, thcrjjn, their combining 

power , is able, when thrown a 'current, to separate 

those particles from th^r state of combination ; or, in 
other words, tha,W J ifae electricity which is evolved by the 
decomposition of, and that which decomposes, a certain 
quaciitty of matter are alike.’ 

m. have mentioned these laws here, as they appear to 
mel to throw considerable light on the doctrine of atoms.f 

* « Faraday as a Discoverer,’ by Tyndall. 

f Notwithstanding the beauty of the atomic theory, it is quite 
possible to regard Chemistry from an independent standpoint. If, 
for example, we define Chemistry to be— the study of the composi- 
tion and properties of radicles (be they simple or compound) and of 
their action and reaction on one another to produce new compounds 
different from themselves— we obtain a definition of the science 
which is independent both of the theory of the existence of atoms 
as well as of the possibility of some of the so-called elements 
proving, hereafter, to be compound bodies. (See Chap. IX.) 



CHAPTER VI. 


CHEMICAL PHILOSOPHY— GENERAL 
PRINCIPLES. 

The next subjects for consideration are Nomenclature 
and Notation. 

I do not intend to enter upon the history of these 
subjects, or to anaTf o successive changes they have 

undergone names of com^ expIain to you tbe P rinci P le 
which tb ^ day. j| lQ *ound bodies are constructed in 
.the u A . n ames of the elementary bodies 

'“■;t“ lready .»t * »<i d. 

e P^^Pe ° give, as much as possible, to 
compoun bodiey ^ indicative of their chemical 
composition, * compound resulting from the 

^^u 10 ^ 011 an eAU, '? D ° 4 ' with oxygen is called an oxide 
of that element: for example, >,* hen iron and oxygen 

unite the compound is called oxide of ir^n, or iron oxide , 
or in Latin fern oxidum ; a compound of iron h* n d chlorine 
is called chloride of iron , &c. If sulphur takes the palace 
of chlorine, we have a sulj)hide of iron, or iron sulphia^e. 

Water, being a compound of hydrogen and oxygen^, is 
called oxide of hydrogen, or hydric oxide. \ 

Compounds, formed by the elements uniting in several 
proportions, are distinguished from each other by the 
use of the Greek and Latin prefixes. 

The use of such prefixes is well illustrated by the names 
of the oxides of nitrogen. They are named — 

Nitrogen Mon-oxide, from the Greek Monos, signifying the one \ 

" ^ i : oxi .^ e M „ Dis „ „ two k 

" Tri- oxide „ „ Treis „ „ three U 

” Tetr-oxide „ „ Tetra „ „ four ( 3 

n Pent-oxide .. Pentp -e™ ^ 


* N a O,, N.,O a , N 2 O s , N 2 0 4 , N 2 Oj. 
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CHAP. VL] 

The Latin numerals are also, sometimes, employed: 
for example, a well-known compound, a molecule of 
which consists of one atom of manganesium and two 
atoms of oxygen, is often called bin-oxide of manganesium 
(from the Latin bis twice) ; it is also called the deut-oxide> 
signifying the second oxide, and the per -oxide (from the 
Latin particle per), signifying higher oxide of man- 
ganesium. The lower oxides are usually termed 
protoxides , and the salts derived therefrom are known as 
proto-salts , in contradistinction to the per-salts, which are 
derivable from per-oxides. 

The terminations 1 ous * and ‘ ic ’ have now come into 
general use ; the latter is applied to a compound, which 
contains a greater proportion of any elementary or com- 
pound group than the compound (of the same elements) 
to which the termination * ous * is applied. This will be 
better understood by a few examples. Thus, the protoxide, 
or mon-oxide of iron , containing one atom of iron and one 
atom of oxygen (in every molecule), is called Ferrous 
Oxide , while another oxide, the per-oxide , containing two 
atoms of iron and three of oxygen (in every molecule), is 
called Feme Oxide. The proto- sulphate of iron, too, is 
generally called Ferrous Sulphate , and the persulphate of 
iron is known as Feme Sulphate . 

The names of many salts which are formed from acids 
whose names end in * ic* are made to terminate in * ate,' 
and those which are formed from acids whose names end 
in * ous ’ are made to terminate in * ite .* For example, 
salts of sulphurous acid are called Sulphites, while those 
derived from sulphuric acid are called Sulphates. 

We frequently indicate compounds, by writing down 
their chemical composition, by means of the symbols of 
the elements of which they are composed, — thus the 
inconveniences arising from the use of the long compound 

4 
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names of the present nomenclature are, in a great 
measure, removed by what we call Notation , or the 
representation of the substances indicated by their 
respective names by symbolical expressions . Thus the 
symbol for oxygen, 0, represents not oxygen in the 
general sense, but 16 parts by weight of oxygen ; so also 
Fe signifies not iron merely, but 56 parts by weight of 
iron, and when the symbols Fe and 0 are placed together, 
thus, FeO, they represent the compound body formed by 
the combination of one atom of iron with one atom of 
oxygen, Le. } a molecule of oxide of iron, or ferrous oxide, 
whose combining (or molecular) weight is 72 = (56 + 16). 

FeO is called the formula of ferrous oxide : in a similar 
manner a molecule of the per-oxide of iron, or ferric 
oxide, is represented by the formula Fe a 0 8 ; in this case 
the compound is composed of 2 atoms of iron and 3 atoms 
of oxygen, and the number of atoms of each element 
composing it is indicated by a small figure, placed to the 
right hand of its symbol and a little below it. It may 
also be written thus, Fe‘ 2 0 8 , by placing the figures above ; 
the former, however, is the most usual method, and will 
be adopted at these lectures. 

When we want to express two molecules of any com- 
pound, we do so by writing the co-efficient 2 before the 
formula for one molecule; thus 2FeO represents two 
molecules of ferrous oxide (= 2 atoms of iron and 2 atoms 
of oxygen), and 2Fe a O g indicates two molecules of ferric 
oxide ; the co-efficient 2, in each case, multiplies all that 
comes after it. Hence in two molecules of ferric oxide, 
there are 4 atoms of iron and 6 atoms of oxygen ; three 
molecules are expressed in a similar manner, by prefixing 
the figure 3, thus 3Fe a O s ; any number of molecules n, 
are expressed thus, n FejO*. 
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Compound bodies are usually divided into classes, 
or orders, thus : — 

1. Binary compounds are those which consist of only 
two elements . 

Examples . 


Name. 

Formula. 

Sodium Chloride (common salt) 

NaCl 

Hydric Oxide (water) 

H 4 0 

Ferrous Oxide 

FeO 

Ferric Oxide 

Fe„0, 

Carbonic Anhydride (choke-damp) 

CO* 


2. Ternary compounds are those which consist of 
only three elements . 

Examples . 


Name. 

Formula. 

Calcium Carbonate 

Ca C0 8> or CaO, CO a 

Potassium Nitrate (nitre) ... 

KN0 8 

Ferrous Hydrate 

FeH 2 0 2 , or FeO, H 2 0 

Ferric Hydrate 

Fe a H 8 0 6 , or Fe 2 O s 3H a O 

&c. 

&c. 


3. Quarternary compounds are those which contain 
only four elements . 

Example. 


Name. 

Formula. 

Burnt Alum 

KAl (S0 4 ) a = K + A1 + S* + ()„ 
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There are compounds containing a greater number, 
and each is classed according to the number of elements 
it contains : a compound containing five elements would 
be called quinary , and so on. As an example of a 
quinary compound, I may mention crystallized alum : — 
KA1 (S0 4 ) a . 12ELjO. 

It is much to be regretted that a uniform system of 
naming chemical compounds has not yet been universally 
adopted. The fact that the same thing is frequently 
called by different names is often the cause of the dislike 
which boys take to the study of scientific names in 
general. It is, indeed, confusing to be told that the 
formula H a S0 4 stands for the well-known substance oil 
of vitriol t when this liquid is variously spoken of by 
chemists as sulphuric acid, hydrogen sulphate, hydric 
sulphate, dihydric sulphate, &c. ; again, the familiar gas 
known to miners as choke-damp is likewise variously 
termed carbonic acid, carbon-dioxide and carbonic 
anhydride. In the absence, then, of an uniform system 
of nomenclature, I purpose, in these lectures, to employ 
familiar and popular names in common with the 
systematic ones employed by theoretical chemists ; and 
in justification of this plan I quote the following words 
from the preface to Dr. Odling’s work on chemistry 
(1870) : — * The preference habitually accorded by different 
chemists to trivial or to systematic names for general use 
is largely a matter of individual liking. For myself, I 
like, where they are sufficient for the purpose, to employ 
such trivial names as nitre, alum, potash, borax, green 
vitriol, bleaching powder, sal-ammoniac, muriatic acid, 
prussic acid, alcohol, wood spirit, marsh-gas, chloroform, 
acetic ether, phosgene, &c., &c., alternatively with the 
systematic names for the respective compounds.’ 
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CHEMICAL PHILOSOPHY —GENERAL 
PRINCIPLES. 

We now arrive at a subject of great importance, viz. the 
Law of Volumes^ also called the Law of Combination by 
Volume , to the explanation of which I shall now proceed. 

This law may be stated thus : — 

The atomic volumes of all elementary bodies * when 
measured in the gaseous state ) and under the same conditions 
of temperature and pressure , are the same . This is 
equivalent to saying that the spaces occupied by the 
quantities of the elements represented by their atomic, 
or combining, weights are equal when measured in the 
gaseous states, and under equal conditions of temperature 
and pressure. Thus the volume, or bulk, of 1 gram of 
hydrogen at the temperature 0° C. and pressure 
760 m.m. ( = height of the mercury in the barometric 
column) always measures 11*2 liters.! Again, if we 
take 16 grams of oxygen, and measure its bulk when 
its temperature is reduced to 0° C, and when the 
mercury in the barometric column stands at a height 
of 760 m.m., we shall find that the space it occupies is 
represented by 11*2 liters. Under the same conditions, 
the volume occupied by 35J grams of chlorine or by 14 
grams of nitrogen is 11*2 liters (=11200 cubic centi- 
meters). 

Hence it is plain that if the numbers representing the 
atomic weights of the elementary gases be taken in grams, 

* Phosphorus and arsenic, also zinc, cadmium and mercury form 
exceptions to this otherwise general law. (See page 61.) 

t The volume of 1 gram of hydrogen, at 0° C. and 760 m.m. 
pressure is called one gas-volume. 
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and the volumes occupied by these weights measured at 
0° 0. and 760 m.m. pressure, they will each be found to 
occupy a bulk of 11*2 liters. 

Therefore the atomic , or combining , volumes of the 
gases hydrogen, oxygen, nitrogen and chlorine are the 
same, and each of them is represented by 11*2 liters, or 
one gas-volume . 

[Note. — 0°C. and 760 m.m. are the standards of temperature 
and pressure at which the volumes of all gaseous bodies should be 
compared.] 

On the other hand, the weights of 11*2 liters* of 
hydrogen, oxygen, chlorine and nitrogen are 1, 16, 35 J, 
and 14 grams respectively, i.e. the relative weights of 
equal volumes of these gases are represented by their 
combining proportions, or atomic weights ; and as the 
specific gravities of bodies are represented by the relative 
weights of equal bulks (under the same conditions), it 
follows that the numbers, 1, 16, 35£ and 14 represent the 
specific gravities of hydrogen, oxygen, chlorine and 
nitrogen respectively. 

We thus arrive at the important conclusion that the 
same numbers represent both the atomic weights and specific 
gravities of the elementary gases hydrogen, oxygen, 
chlorine and nitrogen. 

What is true of these gaseous elements is also true of 
the other elements (with the five exceptions already 
mentioned) when in the gaseous condition. 

For these reasons, as well as the fact that all 
elementary gases expand or contract equally for equal 
increments or decrements of temperature, and are 
similarly affected by similar changes of pressure, we are 
led to the conclusion that equal volumes of the elementary 
bodies contain the same number of atoms. This hypothesis 

* In all comparisons of gaseous volumes, the volumes are under- 
stood to be measured at the fixed standards, unless it be otherwise 
stated. 



CHAP. VII.] HYPOTHESIS OP GEBHARDT. 


55 


was first announced by Gerhardt, the originator of the 
modern unitary system of chemistry, which may be said 
to be based on the following three propositions : — 

1. That the atomic volumes of all the elements are the 

same (=one gas- volume). 

2. That the molecular volumes of all compound bodies 

are the same ( = two gas-volumes). 

3. That although the combining volume of a compound 

be double that of an element , yet the ratio 
between the volumes of the smallest quantities , 
either of a compound or element , which can exist 
in a free (or uncombined) state , is one of equality * 

We have already seen that the atomic volume of each 
of the elements (with five exceptions) is the same as that 
of hydrogen, or one gas* volume ( = 11*2 liters). Here, as 
in the case of atomic weights, the atomic volume of 
hydrogen is chosen as the unit of reference . 

In chemistry we define the specific gravity , or density , 
of a body (whether an element or a compound) to be the 
weight of one gas-volume ; in this case also, hydrogen, 
being the lightest known substance , is taken as the unit, 
and therefore the specific gravity of hydrogen (or weight 
of one gas-volume) = 1. 

A great convenience, in calculation, arises from making 
hydrogen the standard of comparison , or unit , to which all 
other bodies are referred . Hence the specific gravity of 
hydrogen and its combining proportion, either by weight 
or by volume, are each represented by unity. 

Sp. Gr. At. Wt. At. Yol. 

Thus hydrogen has ... 1 1 1 

A knowledge of the law of combination by volume is 

* Because the smallest quantity of an element capable of existing 
by itself is regarded as a molecule, and occupies two gas-volumes. 
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of great importance to the practical chemist, inasmuch 
a? it is easier to measure a given volume than a given 
weight of gas. 

Hydrogen chloride (HC1), commonly called hydro- 
chloric acid, muriatic acid, or spirits of salts, is composed 
of 1 part by weight of hydrogen and 35J parts by weight 
of chlorine, or, since the atomic proportions of the 
elements have equal volumes, it may be represented as 
composed of one volume of hydrogen and one volume of 
chlorine ; and surely, you will allow that it is much 
easier to measure off a certain volume, as 11*2 liters, than 
to weigh out 35£ grams of chlorine gas. 

One atom of oxygen combines with 2 atoms of hydrogen 
to form the well-known substance water (H a O), or, in 
consequence of each atom occupying the same volume, 
water may be represented as composed of 1 volume of 
oxygen and 2 volumes of hydrogen. 

So also, a gaseous molecule of ammonia (H„N), being 
composed of 1 atom of nitrogen and 3 atoms of hydrogen, 
may be represented as composed of 1 volume of nitrogen 
and 3 volumes of hydrogen. 

In each of these three cases, the volume of the resulting 
molecule produced by the combination of — 

1 volume of hydrogen with 1 volume of chlorine 

2 volumes ,, ,, 1 ,, oxygen 

3 volumes ,, ,, 1 ,, nitrogen 

is universally found by experiment to be exactly equal to 
twice the volume of 1 atom of hydrogen, and therefore 
equal to two gas-volumes . 

Hence we see — 

(1) That two volumes of hydrochloric acid are com- 
posed of 1 volume of hydrogen and 1 volume of 
chlorine, and in this case there is no condensation 
of volume. 

(2) That two volumes of water-gas (steam) are com- 
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posed of 2 volumes of hydrogen and 1 volume of 
oxygen, and in this case there is a condensation of 
3 volumes into 2. 

(3) That two volumes of ammonia are composed of 3 
volumes of hydrogen and 1 volume of nitrogen, 
and hence in this case there is a condensation of 4 
volumes into 2.* 

You are already aware that the specific gravity of an 
element is represented by the same number as its atomic 
weight. The question now arises — how are we to deter- 
mine the specific gravity of a compound ? 

Recollect that whenever I use the term specific gravity, 
or density, without qualification, I mean the chemical 
specific gravity, or density — ( i.e ., Sp. Gr. with reference 
to hydrogen as the unit) — or the weight of one gas- 
volume. You will find, in books on Natural Philosophy, 
that the densities of bodies are referred to water as the 
unit, and sometimes to air, and, to avoid confusion, I 
must ask you to remember this distinction. 

The specific gtavity of hydrochloric acid has been 
experimentally determined and found to be 18| ; that is, 
one gas volume of hydrogen chloride is 18*25 times as 
heavy as the same bulk of hydrogen. Now a molecule 
of this compound consists of 1 part by weight of hydrogen 
and 35 J parts of chlorine, and its molecular weight is 
1 + 35J = 36£, and as 18J is exactly half of 36J, it is clear 
that the specific gravity of hydrogen chloride = half its 
molecular iveight. 

The specific gravity of steam is found to be 9, that is, 
one gas-volume of steam weighs 9 times as much as the 
same bulk of hydrogen. Water is composed of 2 parts 
by weight of hydrogen and 16 parts by weight of oxygen ; 

* Condensation of volume affords evidence of chemical action 
having taken place. In all cases the volume after combination is 
always 2. Gay-Lussac was the first to notice this law. 
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therefore its molecular weight is 2 + 16 = 18, which is 
exactly twice 9 ; hence the density of steam = half its 
molecular weight . 

The density, or weight, of one gas- volume of ammonia 
has been found experimentally to be 8£, and since 
ammonia consists of 3 parts by weight of hydrogen and 1 
part of nitrogen, its molecular weight must be 3 + 14=17. 
Therefore, in this case also, the specific gravity — half the 
molecular weight . 

The unit of molecular volume adopted by chemists 
being the space occupied by 2 gas- volumes, the unit of 
molecular weight is therefore the weight of 2 gas-volumes. 
Hence, since we have defined the specific gravity of a 
body to be (chemically speaking) the weight of one gas- 
volume, it follows that the specific gravity of any body = 
half its molecular weight . 

As the equality in volume of all gaseous molecules, 
irrespective of the number of atomic volumes which enter 
into their composition, is a well-established law, it follows 
(for the same reasons that equal volumes of the elements 
contain the same number of atoms) that equal volumes of 
compound gases contain the same number of molecules — 
not atoms, for the molecules of some compound gases con- 
tain more atoms than others ; thus the ammonia 
molecule we have seen contains four atoms, while the 
water molecule contains but three, and hydrochloric acid 
molecule only two atoms. We are thus led inductively 
to the general statement known as Avogadro’s law — that 
equal volumes of all substances } when in a state of gas t 
and under like conditions of temperature and pressure , 
contain the same number of molecules — which is but a 
more general statement of this principle.* 

* This law of Avogadro is the basis of the molecular theory. 
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The smallest bulk of matter that can exist by itself in 
a separate state being a molecule, it follows that when 
hydrogen — or any other elementary body — occurs in a 
free state, it may be represented by a formula which 
indicates both its molecular weight and volume, thus : — 
H 2 = (2 parts by weight) = (2 volumes). 

The following table exhibits the relations between the 
specific gravities and molecular weights of simple and 
compound bodies : — 


TABLE E, 

Showing the relations between specific gravities and 
molecular weights of simple and compound bodies . 


Sp. Gr. = Wt. of 1 Gas-Vol. 

MolecularWt. = Wt. of 2 Gaa-Vols. 

« • 

(H = 1 

H, = 2 ' 


CO 

0 = 1(5 

0. = 32 


•1 is 

N = 14 

No = 28 


CO ft} 

[Cl = 35-5 
f HC1 

-§- = 18*25 

CL = 71 

HCl=36-5 1 


g CO 

S-2 . 

1 

j* 1 O 

h 2 o 

H a 0 = 18 


2 _== 9 


§«l 

O 

H»N 

~2 = 8-5 

H„N = 17 



With but few exceptions the molecules of all bodies 
occupy the same volume, and this fact is made consider- 
able use of, as an aid to the chemist, in determining the 
molecular formulae of compounds ; thus the formulae Fe 2 Cl 6 , 
Cr 2 Cl 6 and A1 2 C1 6 are given to ferric chloride, chromic 
chloride, and aluminic chloride, respectively, instead of the 
formul® FeCl 8 , CrCl 8 and A101 s , which have evidently the 
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same ratio of constituent atoms, — for this reason, that 
the former formulae correspond to two gas-volume mole- 
cules, while the latter represent only single volume 
molecules, and are therefore inconsistent with our theory. 

The chemical specific gravities, or vapour-densities, of 
volatile compounds are most valuable as a means of 
determining the atomic weights of the elements. As an 
example : let it be proposed to determine the atomic 
weight of mercury. Now, mercury combines with chlorine 
to form volatile compounds, one of which is called 
mercuric chloride , the vapour-density or weight of one gas- 
volume of which is found to be 135 j. It is further found, 
by analysis, to contain in one volume 35£ parts by weight 
of chlorine and 100 parts by weight of mercury. Why, 
then, is not the atomic weight of mercury 100, as that of 
chlorine is 35£? Because the atomic weight (as already 
defined) is the weight of the smallest quantity contained 
in two volumes . Consequently, since one volume of 
mercuric chloride contains 100 parts of mercury and 35 J 
of chlorine, two volumes, or one molecule, must contain 
200 parts of mercury and 71 parts of chlorine. It is 
hence concluded that the smallest quantity of mercury 
contained in two gas-volumes of mercuric chloride is 200 
parts, and therefore, that the atomic weight of mercury 
is 200; and since 71 = twice 35 J, the known atomic 
weight of chlorine, a molecule of mercuric chloride may 
be represented by the formula HgCla. There is another 
chloride of mercury called calomel, or mercurous chloride , 
the formula of which is Hg 2 CL 2 . 

That 200 is the atomic weight of mercury is confirmed 
by the law of Dulong and Petit, which states that the 
atomic weight multiplied by the specific heat of each of 
the elements is a constant quantity. This quantity, 
which is called the atomic heat, is represented (as you 
already know) by 6*2. Now, the specific heat of mercury 
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being *032, if 200 be its atomic weight, then its atomic 
heat = 200 x ’032 = 6 4, which is very nearly the same as 
the mean value 6’2 ; whereas if 100 be taken as the 
atomic weight of mercury, its atomic heat will be only 
3*2, or almost exactly half that of the other metallic 
elements ; and as such a result is forbidden by Dulong 
and Petit’s beautiful law, 200 must be adopted as the 
atomic weight of mercury. 

The problem that we have just solved affords as good 
an illustration as you could have of the practical applica- 
tion of vapour-densities, as well as of the use of the law of 
atomic heat. 

When speaking of gaseous volumes, you may remember 
that phosphorus, arsenic, zinc, cadmium and mercury 
were mentioned as exceptions to the general law of com- 
bination by volume, which states that the atomic volumes 
of all the elements are the same. 

If you refer to the Table of Atomic Weights (Table D, 
page 43), you will find that the atomic weights of these 
bodies are there given as in the second column of the 
following Table : — 

TABLE F, 


Showing the relations between the Atomic Weights, Vapour- 
Densities and Atomic Volumes of Phosphorus and 
Arsenic — and of Zinc, Cadmium and Mercury. 


Name. 

Atomic 
Weight 
(H = l) 

Vapour- 

Density. 

(H = l) 

Mot. Wt. 
(H a = 2) 

Number of 
i toms in the 
Molecule. 

f Phosphorus . . 

31 

62 

124 

4 

1 Arsenic 

75 

150 

300 : 

4 

C Zinc 

65 

32-5 

65 

1 

< Cadmium 

112 

56 

112 

1 

( Mercury . . . . 

200 

100 

200 

, 

1 

i 
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These five elements form exceptions* to the ‘ law of 
volumes/ inasmuch as their atomic weights differ from 
their specific gravities. 

The relations between the atomic weights, vapour- 
densities and atomic volumes of the five elements in 
question is exhibited in Table F. Phosphorus and arsenic 
have vapour-densities which are exactly double their 
atomic weights ; while, on the other hand, the vapour- 
densities of zinc, cadmium and mercury are exactly half 
their atomic weights. 

Again, the atomic volumes of phosphorus and arsenic 
are each equal to one-half that of hydrogen, whereas the 
atomic volumes of the other three elements — zinc, 
cadmium and mercury — are equal to twice that of 
hydrogen, or two gas volumes. The phosphorus and 
arsenic molecules, therefore, contain 4 atoms each, while 
the molecule of each of the other three elements contains 
but 1 atom. 

These anomalous results would be removed if we were 
to double the atomic weights of phosphorus and arsenic, 
and at the same time to halve those of zinc, cadmium 
and mercury. 

You will probably say, Why not do so, and thus make 
the law of gaseous volumes a universal truth? We do 
not do so — 

1st — Because, if it were done, the atomic heat of these 
elements would not then be the same as those of the 
other elements, which is the case when the present 
atomic weights are adopted. 

2ndly — Because, with their present atomic weights a 
molecule of the volatile compounds of these elements 
occupies two gas-volumes, but if their atomic weights 
be altered, as suggested, a molecule of their gaseous 

* The molecule of sulphur contains 6 atoms, but sulphur is most 
probably a compound body. (See footnote p. 64.) 
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compounds would not then correspond with the 
established law of the equality of all molecular 
volumes , — e.g . if the atomic weights of phosphorus 
and arsenic be doubled, then the molecular bulk of 
each would be equal to 4 gas-volumes — the molecular 
bulk being the volume of a molecule, the weight of 
which is twice the vapour-density. 

You will thus perceive that we cannot alter the atomic 
weights of the elements without infringing two already 
well-established and important laws, so that you must be 
satisfied to adopt, as proper atomic weights, the numbers 
given in Table D, which are founded on experimental 
facts, and are in harmony with the law of volumes, 
Avogadro’s law, the law of Dulong and Petit, and the 
doctrine of isomorphism. 

Since the vapour-density of a body = % its molecular 
weight, the theoretical density, or specific gravity,* of any 
gaseous compound may be deduced from its molecular 
formula, thus — 

Let it be required to find the density (or specific 
gravity) of iodide of hydrogen, otherwise called hydriodic 
acid. The molecular formula of hydriodic acid is HI. 
On referring to Table D (p. 43) we find the atomic 
weights of hydrogen and iodine to be 1 and 127 respec- 
tively : therefore the molecular weight of iodide of 
hydrogen (HI = 14- 127) = 128 ; but density =£ molecular 
weight : therefore the density of hydriodic acid = - 2 — 
64, i.e. it is 64 times as heavy as hydrogen. 

As another example : — Let it be required to determine 
the specific gravity of hydrogen sulphide. This is the 
stinking gas, commonly called sulphuretted hydrogen. Its 
molecular formula is H a S. Now the atomic weight of 


* Specific gravities properly mean relative, or specific, weights. 
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sulphur is 32, therefore H 8 S = 2 + 32 = 34. Hence 
the specific gravity of hydrogen sulphide = ^ = 17, 

These examples are sufficient to illustrate the method 
of determining the theoretic specific gravities, or vapour- 
densities, of gaseous bodies. 

In some books on chemistry you will find two vapour- 
densities given ; the one called the Theoretical and the 
other the Experimental density ; and in consequence 
partly of errors in the measuring and weighing of gases, 
and partly because the volumes may not have been 
measured at temperatures sufficiently removed from their 
points of condensation, the densities determined by 
experiment occasionally differ from those derived from 
theory.* 

Moreover, in the practical determinations of vapour- 
densities it often becomes necessary to raise the sub- 
stance operated on to a very high temperature in order to 
bring it into the condition of a true gas ; and thus it 
sometimes happens that the elements of a compound 
body become dissociated , or part company.! 

I shall now describe to you a simple method of deter- 
mining vapour-densities experimentally. 

For this purpose a large globe, fitted with a stop-cock, 
and having a certain known capacity, is exhausted of air 
by means of an air-pump ; it is then weighed while 
empty, after which it is screwed on to a transferring jar 
(Fig. 5), and filled with hydrogen gas ; when this is done 
it is again weighed ; the increase of weight gives the 
weight of the globe full of hydrogen. The globe is again 

* The sulphur molecule consists of the ordinary 2-atom molecule 
if the determination of its v. d. be made at a sufficiently high 
temperature, but of 6 atoms if its v. d. be taken near to its boiling 
point. 

t Thus at veiy high temperatures even the elements of water 
may be separated by dissociation. 
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exhausted, and then tilled with the gas whose 
density is to be determined, and again weighed ; 
the difference between this weight and that of 
the empty globe gives the weight of the gas. 

If the weight thus found be divided by the 
weight of the globe full of hydrogen, the 
quotient will represent the specific weight (or 
gravity) of the gas compared to that of h) drogen. 

In performing these experiments both the 
hydrogen and other gas should be passed 
through a drying tube before entering the globe ; 
they should also be weighed under the same 
conditions of temperature and pressure, other- Fig. 5. 
wise corrections for volumes will have to be introduced. 
The methods of applying such corrections I propose to 
explain in the next chapter. If the capacity of the globe 
were 11*2 liters, or one gas volume, at the temperature 
0°C. and pressure 760 m.m. it would be found to contain, 
at that temperature and pressure, the following weights 
of the different elementary gases, when perfectly dry : 

1 gram of Hydrogen. 

16 grams ,, Oxygen 
14 „ „ Nitrogen. 

35 5 ,, ,, Chlorine. 

The author considers it inadvisable to trouble the beginnor at so 
early a stago with the elegant method of determining the specific 
gravities of vapours recently introduced by Messrs. Victor and Carl 
Meyer. He must refer to larger works for information on the 
subject when his progress in Chemistry warrants it. For the 
various methods of determining the specific gravities of solids and 
liquids, the student is referred to any standard work on hydro- 
statics. 
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CHAPTER VIII. 


CHEMICAL PHILOSOPHY-GENERAL 
PRINCIPLES. 

Now that we know the different weights of a certain 
fixed volume (11*2 liters) of the elementary gases, under 
the standard conditions of temperature and pressure, we 
can easily calculate the weights corresponding to any other 
volumes, or conversely, the volumes corresponding to any 
given weights of them, at the same standards. For ex- 
ample— Let it be required to calculate the weight of 20 
liters of oxygen at 0° C. and 760 m.m. barometric 
pressure. 

Since 11*2 liters weigh 16 grams — 

1 liter must weigh ~ grams. 

Therefore 20 liters must weigh JA x 20 = 28*57 
grams. 

Or the problem may be solved by simple proportion, as 
follows : — 

liters liters grams grams 

11-2 : 20 : : 16 : a; 

Therefore x = = ~ = 28‘57 grams. 

Let us now take, as examples of the converse opera- 
tion, the following problems : — 

Problem . — To find the volume, at the normal* tempera- 
ture and pressure of 50 grams of hydrogen ? 

As 1 gram occupies 11*2 liters — 

60 grams must occupy 11*2 X 50 = 560 liters. 

Problem . — What is the volume of 48 grams of oxygen 
at the normal temperature and pressure ? 

* From norma , a rule, — 0° 0. and 760 m.m. 
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Since 16 grams occupy 112 liters — 

1 gram must occupy ~ liters ; 

Therefore 48 grams occupy 111 X 48 = 33*6 liters. 

16 

Or by simple proportion thus — 

grams grams liters liters 

16 : 48 : : 11-2 : x 

Therefore x = 1 1L- X J 8 = 33'6 liters. 

16 

The weight of 1 liter of hydrogen, at the standard 
temperature and pressure, ought to be remembered by 
every chemist ; it may be determined as follows : — 

Since 11*2 liters weigh one gram, 

1 liter must weigh i gram. 

When the fraction J - is turned into the decimal form 
112 

it becomes *0893 as nearly as possible. 

Note, therefore, that one liter of hydrogen weighs *0893 
of a gram , at 0° C. and IQOm.m. 

Dr. Hofmann adopts the weight of a liter of hydrogen, 
at the standard temperature and pressure, as the unit of 
weight , and from the liter-weight of hydrogen he calcu- 
lates the weight of an equal volume of any other gas 
(under the same conditions). 

He describes the use of the liter- weight of hydrogen 
as follows : — 

So important, indeed, is this standard weight unit that 
some name, the simpler and briefer the better, is needed to 
denote it. For this purpose I venture to suggest the term 
crith , derived from the Greek word KpiOrj signifying a barley 
corn, and figuratively employed to imply a small weight. 
The weight of 1 liter of hydrogen being called 1 crith , the 
volume-weight of other gases, referred to hydrogen as a 
standard, may be expressed in terms of this unit. 
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‘For example, the relative volume-weight* of chlorine 
being 35*5, that of oxygen 16, that of nitrogen 14, the 
actual weight of 1 liter of each of these elementary gases, 
at 0° C. and 0*76 m. pressure, may be called respectively 
36*5 crithSf 16 criths t and 14 criths. 

* So, again, with reference to compound gases, the 
relative volume-weight of each is equal to half the weight 
of its product volume.! Hydrochloric acid (HC1), for 
example, consists of 1 volume of hydrogen + 1 volume of 
chlorine =2 volumes, or, by weight, 1 + 35*5 = 36*5 
units ; whence it follows that the relative volume-weight 

of hydrochloric acid gas is = 18*25 units, which last 
figure, therefore, expresses the number of criths which 
one liter of hydrochloric acid gas weighs at 0° C. tem- 
perature, and 0*76 m. pressure 

* So once more, as the product volume of water-gas 
(H a O) (taken at the above temperature and pressure) 
contains two volumes of hydrogen + 1 volume of oxygen, 
and therefore weighs 2 + 16 = 18 units, the single volume 

of water-gas weighs 2 8 = 9 units, or, substituting as 
before the concrete for the abstract value, 1 liter of 
water-gas weighs 9 criths 

‘ And so, lastly, of ammonia (H 8 N) : it contains in 2 
liters 3 liters of hydrogen, weighing 3 criths , and 1 liter of 
nitrogen, weighing 14 criths ; its total product-volume- 
weight is therefore 3 + 14 = 17 criths , and its single-volume 

or liter-weight, is consequently ^ = 8*5 criths . • . 

‘ Thus by the aid of hydrogen-liter-weight, or crith 
employed as a common multiple, the actual, or concrete 

* Relative volume-weight = specific weight, or specific 
gravity. — S.C. 

f Product- volume = Molecular volume.— S.C. 
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weight of 1 liter of any gas, simple or compound, at 
standard temperature and pressure, may be deduced from 
the mere abstract figure expressing its volume-weight 
relatively to hydrogen.'* 

‘From this knowledge, the weight of one literf of 
any gas, simple or compound, at any other than standard 
temperature or pressure, or under any variation both of 
standard temperature and pressure, may be deduced, by 
the application of the formulas, devised by physicists to 
express the laws of expansion and contraction for gases 
under varying conditions of temperature and pressure.’ 

We are now prepared to discuss these laws, and from 
them to deduce the formulas referred to by Dr. Hofmann. 
For this purpose I must ask you to take the following 
Experimental Laxvs for granted, without being actually 
proved to you. They rest on the authority of many 
eminent experimenters, such as Dalton, Gay-Lussac, 
Kegnault, Boyle, Marriotte, &c., and can be easily verified 
by direct experiment. Their demonstration belongs more 
to the province of Physics than to that of Chemistry. 

I. — All gases expand and contract alike , for equal incre- 
ments and decrements of temperature . 

II. — For every increment of 1° C. in temperature , a gas 
expands ( = *003665]:) of its original volume at 0° C. 

* The actual weight in grams of one liter of any gas is, thorefore, 
obtained by multiplying its number of criths by the common mul- 
tiple *0893, which wo havo alroady found to be the weight of 1 liter 
of hydrogen, at the standard temperature and prossure: e,g. t the 
weight of 1 liter of oxygen, containing 16 criths, is 16 x ‘0893 =■ 
1*429 grams. — S.C. 

f And consequently, by multiplication, of any number of liters. 

} The vulgar fraction or the decimal fraction *008665 is 
called the coefficient of expansion (per degree) of gases. 
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From this (Gay-Lussac’s law) it follows that 1 volume 
of gas at 0° C. becomes 1*003665 volumes at 1° C., 
(1 + *003665 x 2) volumes at 2° C. and (1 + *003665 x t) 
volumes at t° C. 

Also 273 volumes at 0° C. 

become 274 ,, ,, 1°C. 

,t 275 „ „ 2° C. 

and (273) + t) „ ,, t°C. 

It is therefore evident that the volume of a gas may be 
doubled by raising its temperature from 0° C. to 273° C. 

If, now, it be required to ascertain what volume would 
be occupied by a certain quantity of gas whose volume at 
0° O. was 100 (cubic centimeters, cubic inches, or cubic 
any things), when its temperature is raised to (let us say) 
15° C? 

The calculation is made as follows : — 

Its volume at 0° C. is to its volume at 15° C. (according 
to Law II.) in the ratio of 273 to (273 + 15) ; therefore if 
its volume at 15° C. be x , x may be found from the pro- 
portion 

273 : (273 + 15) : : 100 : x 

Therefore x = = 105*49. 

Conversely, if we wish to know what volume 100 (cubic 
centimeters, inches, &c.) measured off at 15° C., will 
occupy when its temperature is reduced to 0° C. ? 

We proceed thus : — 

Since gases contract (according to Laxo I.) for a given 
decrease of temperature, by the same amount as they 
expand for a corresponding increase of temperature, its 
volume at 15° C. is to its volume at 0° C. as (273 + 15) 
is to 273 ; therefore calling x its volume at 0° C., x may 
be found from the proportion. 

(273 + 15) : 273 : : 100 : a? 

Therefore x = 273 r ^°9 = 94*8 nearly. 
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The processes of calculation adopted in these two 
examples may be otherwise stated, by the following for- 
mulas, in which '003665 is used, instead of the vulgar 

fraction ^3, for the coefficient of expansion of gases per 
degree. 

V t = V 0 (1 + *003665 t) [1] 

This formula, in which Y 0 is the volume at the tem- 
perature 0° C., and Vt the volume corresponding to any 
temperature t° (above zero), is suited to calculations 
similar to that given in the first example. Mere inspec- 
tion of this formula will satisfy you that it is only a 
general statement of the principle adopted in the first 
calculation, which I shall now repeat as an illustration 
of the use of the formula ; making the necessary substi- 
tutions, we may write our formula thus : — 

V 15 = V 0 (1 + *003665 x 15) 

= 100 (1 + *054975) 

= 100 + (*054975 x 100) 

= 100 + 5*4975 
Therefore V 15 = 105-4975. 

The latter process of calculation being the converse of 
the former, the formula suited to calculations similar to 
that given in the second example will be 
y _ V* 

0 1 + -003665 x t [2J 

This formula may evidently be deduced from the last 
by solving for F 0 , the volume at 0° O. 

If now we had 100 liters of gas at 15° C., and it be re- 
quired to find x } the volume it would occupy at a higher 
temperature, say 25° C., we use the following proportion. 

(273 + 15) : (273 + 25) : : 100 : a (the vol. at 25°) ; 
or the calculation may be made by the following approxi- 
mate formula — 

Ft ' = Ft 1 1 + -003665 (t'—t) j [3] 
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in which represents the volume corresponding to the 
higher temperature t\ and V% the volume corresponding 
to the original (lower) temperature U 

This is the general formula — of which [1] is only a 
special case — for calculating the volume of a gas when 
raised from a lower to a higher temperature. Its converse, 

Ft Yi 

Vt ~l + -003665 (t’—t) [4] 

is the general formula — of which [2] is only a special 
case — for calculating the volume of a gas when reduced 
from a higher to a lower temperature. 

In this discussion I have made no allusion to pressure, 
which has an important effect on the volume of a gas, 
because in these laws and in the formulae derived from 
them the pressure is supposed to be constant , that is, not 
to vary. 

These laws and formulae are, therefore, applicable to 
the expansions and contractions of gaseous volumes only 
when they expand and contract under a constant, or un- 
varying, pressure, which would always be the case if the 
expansions and contractions of gases took place only when 
the mercury in the barometer tube stood at the standard 
height, 760 m.m< But these expansions and contractions 
take place at every variation of temperature, whether the 
barometer reads 760 m.m. or not ; moreover, the height 
of the mercury in the barometer tube, we know from 
experience, varies considerably at different times in the 
same day, or even in the same hour, these variations 
depending on the pressure of the atmosphere — of which 
the barometer is a measurer ; again, the pressure of the 
atmosphere is found to vary with the height above the 
sea level , at which level the average pressure of a column 
of it is the same as the weight of a similar column of 
mercury 760 m.m. high; hence it is manifest that if we 
wish to compare the volumes of gases we must either do 
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so when measured at the same temperature and pressure ; 
or, when measured at different temperatures and pres- 
sures, calculate the volumes they would occupy, if they 
had actually been measured off at the same temperature 
and pressure. The latter course being the most practic- 
able — it being very often inconvenient to wait for the 
barometer to rise or fall to 760 m.m. — is the one generally 
adopted ; and the common temperature and pressure, at 
which all gaseous volumes are compared are, as already 
stated, 0° C. and 760 m.m., of mercury. 

Now, there is a very important law derived from 
experiment, which enables us to connect by means of a 
formula the volume of a gas with the pressure it supports. 
I shall call it the third experiment law. It relates to the 
expansion and contraction of gases under variations of 
pressure only, and it therefore supposes the temperature 
to remain constant. It was independently discovered by 
both Boyle and Marriotte. 

III. — The volume of a gas is inversely proportioned to 
the pressure it supports ; that is, if the pressure on a gas 
be doubled, its volume will be reduced to one-half ; if the 
pressure be halved, its volume will be doubled ; if the 
pressure be trebled, its volume will be reduced to one- 
third ; if the pressure be reduced to one-third, its volume 
will be trebled; and so on, the volume being always 
reduced or increased in exactly the same ratio as the 
pressure is increased or reduced . 

By the aid of this law we can calculate the volume that 
will be occupied by a gas under any other pressure if we 
know the volume it occupies under a certain stated pres- 
sure. For example — If it be required to know what 
volume will be occupied by a gas under 760 m.m. 
barometric pressure, if its volume measured off under a 
pressure 720 m.m. of mercury were 100 liters : — 
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The calculation may be made according to the ordinary 
rule of inverse proportion . Since (according to Law III.) 
the volumes are inversely proportional to the pressures , 
the volume at 720 m.m. will be to the volume at 760 
m.m. in the inverse ratio of these numbers, that is as 
760 : 720. 

Hence the required volume x is determined by the 
following proportion : — 

760 : 720 :: 100 : x 
.'. x = = 94-74 liters. 

This law may be expressed by a general formula as 
follows : — If V denote the volume occupied by a gas 
under a pressure p, and V* its volume under a pressure 
p\ then by Law III., 


V : V :: p’ : p. 


Therefore V - V ’ p ’ 

[ 5 ] 

1 > 

Or, Vp = yy 

[6] 


This latter is, I think, the form in which Law III. may 
be most easily retained in the memory. I must therefore 
ask you not to forget than Vp = V p' = V" p", &c. 

In illustration of this useful formula, I shall work the 
last example over again ; for this purpose let V represent 
the volume at 760 m.m. ; that is, the volume we require 
to calculate : p then will represent 760 m.m. ; and F' 
will be the known volume (100 liters) at the given pres- 
sure 720 m.m. (=p’). 

Now by formula (6) Vp = F' p f . 

Therefore by substitution V x 760 = 100 x 720. 

Hence, as before, V = = 94-74. 
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The following two laws are also proveable by experi- 
ment: they may, however, be deduced as consequences 
of Lazo III. I shall call them the fourth and fifth 
experimental laws. 

IV. — The elastic force; or tension , of a gas is directly 
as the pressure it supports , and inversely as the column it 
occupies . 

V. — The density of a gas is directly as the pressure it 
supports , and inversely as the volume it occupies. 

Since the elastic force , or tension , of a gas is measured 
by the pressure it supports, it is evident that the fourth 
law is a consequence of the third. 

In a similar manner the fifth law may be easily shown 
to follow from the third. 

If now V 0 denote the volume of a certain quantity of 
gas at the temperature 0° C. (pressure supposed constant), 
it follows from Law II. , commonly known as Gay- 
Lussac’s law, that if F t be its volume at the temperature 
t° C. 

F t = V 0 (1 + kt) [7] 

where k = * or, *003665. 

273 ’ 

Hence V 0 = ^ — 

1 + kt 


From Gay-Lussac’s law it also follows that if F t ' be the 
volume occupied by the same quantity of gas, at any other 
temperature V 

F t ' = V 0 (1 + kt’). 

Substituting for F 0 its value from last equation, we have 


Ft' = Ft - 


1 -f hi/ 


1 -j - kt 


[ 8 ] 


Combining this with equation [6] which represents Law 
III. t or that known as Boyle’s (or Marriotte’s) law, which 
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states that Fp=Fy, it follows that 

14" kt* . 
v * Xi)'=T r t 1 -qr T< xf* 

That is — 

7„ e -r„ [9] 

This, which is a combination of Gay-Lussac’s and 
Boyle’s laws, is a very useful and important formula : it is 
applied to calculate the altered volume when a gas under- 
goes a change both of temperature and pressure : 7 p 't' and 
7 pt represent the volumes occupied at the pressures and 
temperatures p\ V and p, t respectively. 

If we replace k by its equivalent *003665, the last for- 
mula may be written thus : — 


7 P 't' = F pt . 


1 + *003665 t' p 
1 + *003665 t-p' 


Or, substituting the fraction 
we may write it as follows : — 


for k , and reducing, 


*17 |7 27 3 + t p rin 

Fp ’ t,== Fpt m+jy tll] 

I shall now work out the following problem in illustra- 
tion of the practical use of such formulae. 

Problem . — If the volume of a given quantity of gas be 
230 liters when measured at 14° C. and 740 m.m. pressure, 
what volume will it occupy when measured at the usual 
standards (0° C. and 760 m.m.) ? To solve this problem 
we may employ either of the two formulae just given. 


* Fo>* Proof see Addenda. 
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Employing the latter, we have — 

Fp»t/ = F 760)0 o = required Yol. 
F p t = 230 liters = given „ 

p' = 760 m.m., 

t' =0°; 

p = 740 m.m., 

t = 14° 


Therefore we may write our formula thus : — 


F 760) o° = 230 x 


273 + 0 740 

273 + 14 x 7U0 


230 X 273 X 740 
287X700 


= 213-023 


Required volume = 213*023 liters. 


Regnault has found that a liter of dry air (at 0° C. and 
760 m.m.) weighs 1-293187 gram. 

Hence from the general equation 


= Fp t . 


273 + V p 
273 +7 V 


we can deduce expressions for the weight of any volume 
of air — or other gas, whose density with reference to air 
is known — at any , variation both of temperature and 
pressure. 

If TF=the weight in grams of (any volume) F liters of 
air at the normal temperature and pressure, then 


liter liters Wt. in grams of 1 liter Wt. in grams of V liters 

1 : V : : 1-293187 : W 

. v ¥— 

" v “1-293187 

Substituting this value of V in the general equation, and 
writing V for F p 't', we have 

T „ W 273 + t' p 

v “ 1-293187 ‘ 273 + t ‘ v' 
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Now t and p are respectively the temperature and 
pressure corresponding to the volume V which was taken 
at standards : therefore t = 0° C., andp = 760 m.m. 

Consequently, by making these substitutions, our equa- 
tion becomes 

W 273 + V 760 
V " 1*293187 ’273 + 0 ’ / 


Reducing this expression we obtain 

F'= 2-1527 W. 273 -+ £ .. 

P 

i F.y 


[ 12 ] 


But 


TF = 

1 


2-1527 


21527 
= •4645 


273 + V 


J/+7 ™ 

Since this formula is also true for any altered volume V " 
when the corresponding temperature and pressure t" and 
p" are substituted for V and p’, it is, therefore, general : 
we may, consequently, remove the accents and write the 
expression, thus — 

w = -^m £ +r* : [14] 


This important equation enables us to calculate (TF) the 
weight in grams of any volume (V in liters) of dry air at 
any temperature t° and pressure p millimeters. 

The weight (in grams) of any volume (in liters) of any 
other gas than air is obtained by merely multiplying the 


* From this equation it follows that, for a given mass of gas 

a constant, where T = the absolute temperature , i.e ., that measured 
from 273° below zero (see Addenda). It also follows that, if the 
weight of the air contained in an air-thermoyneter be *4645 of a gram, 
Vp *= absolute temperature . 
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above expression by the specific gravity (with respect to 
air as unity) of the particular gas whose weight is required. 

Hence for any gas , if s = its specific gravity with refer- 
ence to air as unity — 

W = -4645 273^7^ t 15 ] 

The specific gravities of chemical substances, however, 
are generally stated with reference to hydrogen as unity ; 
we have, therefore, to obtain a formula for the weight of 
any volume of hydrogen gas, at any temperature and pres- 
sure. This can easily be done by substituting for s } in 
the last formula, the specific gravity of hydrogen with 
reference to air as unity, which is 0*0691. 

Making this substitution we have 

W = •4645- 7y - X 06 91 


273 + t 
Therefore for Hydrogen 


W = *0321 


Vp 


273 + t 


.[16] 


Since the specific gravity, or density, of any other gas 
(with reference to hydrogen) is equal to the atomic, or 
combining, weight, in the case c f an elementary gas, and 
to half the molecular, or combining, weight in the case of 
a compound gas, it follows that for any gas 

y, .0321-^,( gg^S -”** ).■■ [17] 

where n = 1 for an elementary gas, 
and n = 2 for a compound gas. 

By the aid of this all-important formula we calculate 
the weight corresponding to a given volume of any gas, 
simple or compound, which obeys the law of (atomic or 
molecular) volumes, as explained in the preceding lecture 
—or, conversely, the volume corresponding to any given 
weight, when its combining weight, temperature, and 
pressure are known. 
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DIFFUSION OF GASES. 


[CHAP. VIII. 


I have now directed your attention to those physical 
laws — derived from experiment — which govern that 
molecular condition of matter known as the gaseous 
state. In connection with this subject there remains to 
be noticed an important physical property of gases, 
resulting, most probably, from the repulsive molecular 
movement so characteristic of the gaseous condition. 
This property is usually called the diffusion of gases , — 
or the process of intermixture of aeriform substances one 
with another. 

Notwithstanding the great differences in density which 
exist among gaseous bodies, they are found to inter- 
mingle with each other in all proportions, and as freely 
as if each were a vacuum to the others. Thus, for 
example, chlorine, which is 35J times as heavy as 
hydrogen, diffuses itself uniformly through the latter gas, 
even though the hydrogen and chlorine be contained in 
separate bottles connected together by a long narrow 
tube — the lighter gas, hydrogen, being uppermost. It is 
not only that the heavier gas (apparently contrary to the 
laws of Hydrostatics) ascends through and mingles with 
the lighter, but likewise the lighter gas descends through 
and mixes with the heavier one. The mixture thus 
obtained is mechanical,* but, unlike the mechanical 
mixture of two liquids of different densities, such as 
water and mercury, the mixed gases never again separate 
into layers differing in density, however long they may 
be left in a state of rest. 

This process of diffusion goes on between gases when 
separated by porous partitions — such as thin plates of 
plaster of Paris, animal membranes, &c. — as well as when 
in immediate contact. It is found by experiment that 

* Provided that the gases be such as do not act chemically on 
each other when brought together. 
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the lighter the gas the more rapidly it escapes through 
porous septa. Thus hydrogen, the lightest of gases, 
possesses the highest diffusive power. The difference 
between the interdiffusive powers of air and hydrogen 
may be exhibited by plugging one end of a 
long glass tube with a thin lamina of 
plaster of Paris, and, when dry, filling 
the tube with hydrogen gas. On immers- 
ing the open end of this tube — called a 
diffusion-tube, or diftusiometer — in a 
vessel containing water (Fig. 6), the water 
is seen to rise steadily in the tube, in 
consequence of the hydrogen escaping 
more rapidly through the porous partition i jg c>. 
than the air enters to replace it. 

It was in this manner that Professor Graham (late 
Master of the British Mint) discovered that the rate 
of gaseous diffusion is regulated by a remarkable law, 
which may be thus stated : — The relative diffusibility (or 
velocity of diffusion) of different gases is inversely propor- 
tional to the square root of their specific gravities * ; thus 
it is found that 4 volumes of hydrogen will escape from 
the diffusion jar in the same time that 1 volume of oxygen 
is capable of doing so. 

Professor Graham has also introduced the term dialysis , 
by which is meant the separation of certain colloul\ 
substances (such as hydrated silica, &c.) from more easily 
diffusible bodies (crystalloids) by means of liquid diffusion. 
Dialysed iron is prepared by this process from moist ferric 
oxide. 

*The same law regulates the rate of influx (into a vacuum! of 
gases through an orifice in a thin plate. If V and V' be the volumes 
of two gases which pass through a partition in tlio same time, then 
V /w 

p = Y j is the algebraical expression of this law. 

f From Kolle, glue. 




82 


ADDENDA. [CHAP. VIII. 


A curious theoretical conclusion may be deduced from the ex- 
pression Vt' - Vt * - t fe L (Formula [8] , Chapter VIII.) if we suppose 

the law of diminution of volume (see Experimental Laws I. and II., 
Chapter VIII.) to hold good while a gas is being cooled down indefi- 
nitely : for when t f equals -273° 0. this formula becomes (writing 

--- for k) 7(— 278") = Tt 273 ~ 27 ? = o. 

273 ' m+t 

Hence the volume of a gas [supposed incondensable) becomes zero 
at the temperature— 273° C., i.e. its molecules would then be in 
actual contact and reduced to a mathematical point : — 273° C. is 
thorefore the temperature at which no space exists between the 
molecules of a gas ; and since there is no space for motion to take 
place, it is probable that there would therefore be no heat in a gas at 
that temperature, which, for this reason, is called the absolute zero 
of temperature , and may be regarded as the point at which absolute 
cold begins. 


Formulae [91, [10] and [111, page 77, may be proved as follows 
Let represent the volume assumed at t 1 when the volume V is 

heated from t to t', then <f> = V by Gay-Lussac’s law. 

273-ft 

If now <j> be changed to V by altering the pressure from p to p\ 
then by Boyle’s law— 

V' = E, 

And therefore substituting the above value for </> we get — 

V = x p' 

273 + t 


According to Avogadro’s law the molecular volumes of all gases 
at the same temperature and pressure is one and the same, that is 

= a constant (where m is the molecular weight and d the density) 

in 

Hence, for Hydrogou standards ^ = 2. = Specific Volume . 

But for densities referred to air as unity 12=28*9 = Specific 

d 

volume t air being 14*44 times as dense as hydrogen. 



CHAPTEE IX. 


CHEMICAL PHILOSOPHY— GENERAL 
PRINCIPLES. 

In this chapter I purpose to direct attention to some 
technical terms , at present much employed in chemical 
literature, and to explain their scientific meaning. 

First, then, I shall endeavour to explain what is meant 
by the quantivalence ,* or atomicity , of the Elements. 

When we introduce a strip of copper into a solution of 
argentic sulphate (sulphate of silver), we find that metallic 
silver separates from the solution, while a certain quantity 
of the copper dissolves instead of it. And when, into 
the solution of copper (sulphate of copper) thus formed, 
a piece of zinc is introduced, metallic copper precipi- 
tates, and a fixed portion of the zinc dissolves to replace it. 

By experiments of this kind it is found that the 
relative proportions by rvcight of the metals which thus 
replace each other are (under given conditions) fixed 
and definite. Thus, for example, for every 108 parts of 
silver so precipitated 31*75 parts of copper are dissolved 
to replace it ; and for every 31*75 parts of copper thus 
precipitated 32*5 parts of zinc undergo solution. These 
being the relative proportions of the metals, silver, copper 
and zinc, which invariably replace each other whenever 
such substitutions take place, they are termed the chemical 
equivalents of each other. On comparing the numbers 
108, 31*75 and 32*5 with those representing the atomic 
weights of silver, copper and zino (see Table D, p. 44), 
we find that the atomic weight and chemical equiva- 
lent of silver are the same, whereas the atomic weights 
of copper and zinc are double their respective equivalents 

♦From quanti how much, and valeo I am worth. 
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EQUIVALENT SUBSTITUTION. [CHAP. IX. 


Hence it follows that 1 atom of copper or 1 atom of zinc 
is equivalent in replacing power to 2 atoms of silver ; and 
consequently the action of metallic copper on a solution 
of silver sulphate (Ag 2 S0 4 ) may be expressed by the 
chemical equation — 

Ag a S0 4 + Cu = Cu S0 4 + Ag 2 
which shows, at a glance, the fact that 1 atom of copper 
(Cu), replaces 2 atoms of silver (Ag a ). 

In the equivalent substitutions of this nature it is 
found that while in some cases certain elements replace 
each other, atom for atom, in other instances, two, three, 
four, or more atoms of one element are replaced by one 
atom of another. And thus, taking the atom of hydrogen 
as the unit of quantivalence , the several elements are 
technically termed monovalent , divalent , trivalent , tetra- 
valent , &c., according as their individual atoms are 
capable of replacing, one, two, three, or four, &c., atoms 
of hydrogen. In this sense, we call hydrogen, chlorine, 
bromine, iodine, potassium, sodium, silver, &c., monovalent , 
or monatomic , elements; oxygen, sulphur, selenium, 
tellurium, calcium, copper, and zinc, divalent , or diatomic, 
elements ; nitrogen, phosphorus, arsenic, and gold, 
trivalent , or triatomic , elements ; and carbon, silicon, tin 
and platinum, tetravalent , or tetratomic , elements. The 
members of these several classes are likewise frequently 
termed monads , dyads , triads , tetrads , &c. 

This combining or replacing value of the elementary 
atoms — termed quantivalence , atomicity , or atom-fixing 
power — is usually denoted by attaching a corresponding 
number of dashes to their symbols, thus : Ag', Cu", Au'", 
Pt"", &c., or by means of Koman numerals, thus : Cl 1 , 
O n , N™, C IV . 

Under particular conditions the atoms of several of the 
elements appear to undergo a change of combining value. 
Thus sulphur, though frequently a dyad element, some- 



CHAP. IX.] ABTIADS— PERISSADS— BONDS. 


85 


times acts the part of a hexad. Nitrogen, too, though 
commonly a triad, occasional) y becomes a pentad, as in 
ammonium chloride (NH' 4 C1'). It is generally found 
that, when the quantivalence of an element varies, the 
variations are regular, being all even or all uneven . Thus, 
for example, sulphur, usually a dyad, may play the part 
of a tetrad or hexad — but not of a monad or triad. And 
nitrogen, usually a triad, may become a pentad or monad 
— but not a dyad, tetrad, or hexad. Elements (like sulphur) 
of even equivalency are termed artiads , and elements (like 
nitrogen) of uneven equivalency are called perissads . 

Another system of marking atomicity has recently been 
introduced into chemical writings. It consists in attaching 
lines or dashes (to the number equivalent to the 
atomicity) to the symbolical notation, and such lines are 
conveniently termed bonds , or links . Hydrogen, a 
monad, is indicated thus H — , Oxygen, a dyad, — 0 — 


and Nitrogen, a pentad, thus 


as a hexad is 


written — c — 

A 


t while the sulphur atom 

/ \ 


By assuming that these bonds can unite in pairs, thus 
satisfying each other, it is easy to account for the 
possibility of an element changing its atomicity in certain 
combinations. Thus, by one pair of bonds uniting 
together, sulphur, whose maximum atomicity is hexad, 
may become a tetrad as in SO y ; and by the union of two 
pairs of bonds sulphur may become dyad, as in H a S. 
Similarly with perissad elements, by the union of pairs 
of bonds, pentad may become triad or monad : — 


Pentad. 


\ 

NT — 

/ 


Triad. 

O 

/ \ 


Monad. 
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UNION OF BONDS — RADICLES. [CHAP. IX. 


In the following table, the 36 most important elements are 
classified according to their maximum atomicities. The names of 
the non-metallio elements are here printed in italics. Elements 
resembling each other in chemical characters are grouped together 
in sections, 


Monads, 

or 

Mona valent 
Elements. 

Dyads 

or 

Divalent 

Elements. 

Triads 

or 

Tri valent 
Elements. 

Tetrads, 

or 

Tetra valent 
Elements. 

Pentads, 

or 

Penta valent 
Elements. 

Hexads, 

or 

Hexa valent 
Elements. 

1st Section. 

1st Section. 

1 st Section. 

1st Section. 

let Section. 

1st Section. 

Hydrogen. 

Oxygen 

Boron. 

Carbon. 

Silicon. 

Nitrogen. 

Phosphorus 

Sulphur 

2nd Section. 

2nd Section. 

2nd Section. 

Tin. 

Arsenic. 

Antimony. 

2nd Section. 

Fluorine. 

Chlorine. 

Bromine. 

Iodine. 

3rd Section. 

Potassium. 

Sodium. 

4th Section. 
Silver. 

Barium. 

Strontium. 

Calcium. 

Magnesium. 

Zinc. 

3rd Section. 

Cadmium. 

Mercury. 

Copper. 

Gold. 

2nd Section. 

Aluminum 

Iron. 

3rd Section. 

Platinum. 

4th Section. 

Lead. 

Bismuth. \ 

l 

Chromium. 

Manganese. 

Cobalt. 

Nickel. 

Iron. 

' 


The atom of iron in ferric compounds lias tebratomicity. 

The number of bonds of any atom in apparent play in 
a chemical compound is termed the active atomicity, 
while the number of bonds which have disappeared by 
mutual union is known as the latent atomicity. 

Absolute atomicity = active + latent . 

The term radicle (from radix, a root), is applied to any 
atom or group of atoms which, for the time being, may 
be considered as forming the principal atomic component* 
of the molecule of any compound body. Accordingly, we 
have simple and compound radicles. The elementary 
atoms are simple radicles ; and those groups of two, or 
more, simple radicles (or atoms) which, like the 
elementary atoms, can pass from one substance to 

* Thus Ag. would be the principal atomic component of the silver 
compounds. 
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CHAP. IX.] CLASSIFICATION OF RADICLES. 

another without undergoing decomposition , are called com- 
pound radicles . The term atom is frequently applied to 
compound radicles in the same sense as it is to the 
elements. Thus we speak of NH, as an atom of the 
compound radicle ammonium, and justly so, since it is 
capable of replacing an atom of potassium or of sodium. 

Radicles are divided into two great classes : 

Acid Had ides . — Those which arc electro-negative; and 

Basic Hadiclcs . — Those which are electro-positive. 

Among simple radicles the non -metallic atoms con- 
stitute the principal acid radicles, while the metallic 
atoms are generally basic radicles. Hydrogen forms a 
kind of link between the two groups — its atom being, 
usually basic when in combination with non-metallie 
atoms, and acid when combined with metallic atoms. 

The electro-positive elements, or the metals, and the 
electro-negative elements, or the non-metals, together 
with about twenty compound radicles, constitute respec- 
tively the basic and acid radicles with which we shall 
have to deal ( See Table G, p. 97). 

When the elements of water enter into combination 
with a metal or its oxide, the resulting compound is 
called a hydrate — thus metallic sodium and water yield 
sodium hydrate and free hydrogen. 

The chemical change is thus represented: — 

Na 2 + 2H a O = 2 (NaHO) + H a 

Sodium. Water. Sodium hydrate. H>drotfon. 

And calcium oxide and water yield Calcium hydrate 
CaO + H a O = CaH a O a 

(Quick lime.) (Water.) (Slaked lime.) 

The term salt f which in ordinary language is used to 
denote sodium chloride, or common sea-salt, is applied 
by all chemists to all those compound bodies which 
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HYDRATE — SALT — ACID. 


[CHAP. IX. 


(unlike compound radicles) as a rule undergo decomposition 
previous to entering into further chemical combinations.* 
The term acid — originally the generic name for those 
bodies which (like vinegar and lime-juice) possess a sharp 
or sour taste — is now employed, in a wider sense, to 
designate compounds containing one or more atoms of 
hydrogen displaceable by metallic atoms or by basic com- 
pound radicles. 

Acids react with many compound bodies in the same 
way that salts do, viz., by double decomposition, e.g . : — 
Potass, hydrate 4- Hydrochloric acid = Potass, chloride + Water 

KHO + HOI = m + HA 
Again nitric acid and sodic hydrate yield the salt sodic 
nitrate and water — 

HNO* + NaHO = NaNO u + H,0. 

And sulphuric acid and sodic hydrate give sodic 
sulphate and water. { 

H 2 S0 4 + 2NaHO = Na 2 S0 4 -f- 2H 2 0. 

We may therefore, define an acid, in general terms, as 
a salt of hydrogen . On the other hand, a salt may be 
regarded as derived from an acid, in which one or more 
atoms of hydrogen have been exchanged for an equivalent 
number of metallic atoms or compound basic radicles. 

The acids are said to be monobasic , dibasic , tr '{basic , &c., 
when their representative molecules contain respectively 
one , two or three , &c., displaceable atoms of hydrogen: — 
Nitric acid (HN0 8 ), Sulphuric acid (H 2 S0 4 ) Phosphoric 
acid (H 8 P0 4 ) are respectively mono-, di- and tri-basic 
acids. 

* 1 If wo try now to state what is the idea which is attached to the 
word salt, as at present used in chemical science, we find it impos- 
sible to do so in very precise terms. Probably we may most cor- 
rectly define this idea by saying that it implies the capability of 
readily undergoing double decomposition.' — Watts' Diet. Chem. 

f In fact the modern criterion of an acid is that when acted upon 
by a metallic hydrate it should yield a salt with the elimination of 
water, as in the above examples. 
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The term base is applied to an important class of com- 
pound bodies — opposed in chemical properties to the 
acids — which by uniting with acids form salts.* 

The metallic oxides and their hydrates form the principal 
inorganic bases. 

The following bodies serve as illustrations : — 

Basic Oxides. Hydrates. 

Sodic oxide (soda) Na a O ; Sodic hydrate (caustic soda) NallO. 
Potassic oxide (potash) K a O ; Potassic hydrate (caustic potash) KHO. 
Calcic oxide (quicklime) CaO; Calcic hydrate (slaked lime) CaO.H a O. 
Magnesic oxide MgO ; Magnosic hydrate MgH a O a . 

Ferric oxide Fe a < > rt ; Ferric hydrate Fe a H t} () fl . 

Aluminic oxide A1 2 0 8 ; Alutninic hydrate Aldt/V. &c., &c. 

The most prominent character of a base is its capacity for 
saturating acids. In this respect the powers of bases differ 
considerably. 

Certain compounds of nitrogen and hydrogen, hydrogen 
and phosphorus, &c., as ammonia (NH„) andphosphurettod 
hydrogen (PH 8 ) are sometimes classed among the bases ! 

The term anhydride is employed to designate the com- 
pound which remains after all the displaceable hydrogen 
is removed (in the form of water) from one of the ordinary 
oxygen acids. Thus — 

Carbonic acid Water Carbonic anhydride 

H a COs - H,0 = CO a 

Sulphuric acid Wator Sulphuric anhydride 

II a S0 4 - 11*0 = S oT~ 

* According to the binary theory of salts, all bodies resulting, from 
the combination (in pairs) of acid and basic radicles are c lashed as 
salts. Thus an acid is the electro-negative constituent of a sah 
while a base is the electro-positive constituent. 

f This type of basic bodies belongs principally to Organic 
Chemistry, which, according to Liebig, is ‘the chemistry of (mu- 
pound radicles/ 
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[CHAP. IX. 


When an acid and a base combine a salt is always pro- 
duced. If such a salt be the result of the union of an 
oxygen-acid with a base it is termed an oxysalt ; if the Balt 
contain sulphur instead of oxygen it is known as a sutyho- 
salt ; and when free from oxygen and sulphur it is called 
a haloid-salt , is derived from a halogen acid, such as the 
hydrochloric, hydrobromic, hydriodic or hydrofluoric. 

An anhydro-salt is formed when the anhydride of the 
acid of the salt enters into combination with the ordinary 
salt : — for example, K 2 Cr0 4 ,Cr0 8 is called anhydro- 
chromate of potassium. 

Oxy-salts are, according to constitution, divisible into 
three classes, normal , acid , and basic : — 

A normal salt is one in which the whole of the dis- 
placeable hydrogen of the acid is exchanged for an 
equivalent amount of metal or of basic compound radicle. 

An acid salt is one in which only a portion of the dis- 
placeable hydrogen is displaced by a metal or by a 
compound basic radicle, — some of the hydrogen of the 
acid from which the salt is derived being still present, it 
is constitutionally looked upon as an acid salt, even though 
it may have an alkaline reaction ; bicarbonate of soda for 
example NaHC0 8 . now called acid carbonate. 

A basic salt may be regarded as a compound resulting 
from the combination of a normal salt with an additional 
quantity of its own or some other basic substance ; a salt 
in which the units of basicity exceed the units of acidity ; 
it is the opposite of an anhydro salt. 

All acids (soluble in water) taste sour and turn vegetable 
blue colours red . The soluble bases possess an acrid taste 
and restore the blue colour to vegetable blues which have 
been reddened by an acid. Bases turn yellow turmeric 
brown f while acids restore the yellow colour to turmeric 
which has been browned by a base. 
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The alkalis* are characterized by being more soluble in 
water than other bases, and by their power of neutraliz- 
ingt acids ; their solutions, like those of other bases, 
restore the blue colour to reddened litmus, but turn the 
infusion of purple cabbage green . 

A salt has an acid reaction when it turns litmus solution 
red and a basic reaction^ when it turns reddened litmus 
blue. A neutral salt does neither The reaction of a 
solution of any salt with litmus is not always in accord- 
ance with its constitution ; for instance, a normal salt 
may have an acid or a basic reaction notwithstanding the 
apparent neutrality of its normal constitution. The 
reaction of a salt cannot, therefore, be predicted by its 
molecular constitution, but is determined by experi- 


ment. 


Here is a list of various kinds of salts, showing their 
modes of derivation from corresponding acids : — 

Acids. Derived Salts. 


Monobasic 

Hydrochloric, II Cl 


Monobasic 
Nitric Acid, HNO a 


Potassium Chloride, KC1. 
Sodium Chloride, NaCI. 
Ammonium Chloride, NII 1 ( , 1. 

&' . &c. 

[Potassium Nitrate. KNO«. 

J Silver Nitrate, AgNO,. 

( &c. V 


Di- basic 

Carbonic Acid, H.XJOb 
( Hypothetical ) 


J Na.,CO ;{ (Normal) 
1 NaIIC0 8 (Acid) 


* The term alkali is of Arabic origin — al signifying the , and kali , 
the name of the plant from the ashes of which tho vegetable alkali, 
caustic potash, was obtained. The alkalis proper are potash (the 
vegetable alkali), soda (the mineral alkali), and aqueous ammonia 
(the animal alkali). 

•f A substance is termed neutral when it exhibits neither acid nor 
basic reaction with litmus solution. 

J Basic reaction is more frequently formed alkaline reaction , the 
alkalis being themselves strongly basic in character. 



92 


THEORY OF TYPES. 


[CHAP. IX. 


Tri-basic 

Phosphoric Acid, H„P0 4 


Acids . Derived Salts. 

Di-basic (Na 2 SO* (Normal) 

Sulphuric Acid, H a S0 4 (NaH S0 4 (Acid) 

Na 8 P0 4 (Normal) 

Naa HP0 4 (Acid) 

Tri-basic J NaH a P0 4 (Acid) 

Phosphoric Acid, H 8 P0 4 1 Ca 8 (P0 4 ) 2 (Normal) 

CaH 4 (P0 4 ) 2 (Acid) 

&c. 

Tetra-basic Na 4 Si0 4 

Silicic Acid, H 4 Si0 4 K 4 Si0 4 

The majority of the natural silicates do not, however, conform to 
this simple law of derivation from silicic acid. 

Gerhardt has instituted a system of classifying 
chemical compounds according to certain types * — which 
are molecular models, or patterns, from one or other of 
which the molecules of every compound may be supposed 
to be derived by the process of equivalent substitution . 

The typical bodies are four in number, namely : — 

H ! _ TT/n 


Hydrochloric acid type... Cl j ’ or 

w , , 0, or H 2 0. 

Water type H ) 

H ) 

Ammonia type ..H N, orH s N. 

n ) 
ij j 

Marsh-eas tvne H i ' or 


Marsh-gas type. 


Compounds, the molecules of which are similarly con- 
stituted, and which exhibit similar chemical reactions, 
are said to belong to the same type, and they are supposed 
to be derived from that type by substitution, and for this 
reason are not unfrequently called substitution products . 

* From TU7ros ( tupos ), a model. 
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In this sense the chlorides, bromides, iodides, <fcc., are 
regarded as belonging to the same type, viz. the 
Hydrochloric acid type H Cl. 


Thus, for example, when K is substituted for H in this 
typical molecule, we get K Cl, a molecule of chloride of 
potassium. Potassium bromide and iodide (K Br and KI) 
are similarly derived. 


Some compound bodies must be regarded as derived 
from a multiple type . Calcium chloride, Ca"Cl a , for 
instance, is built on the 


Double hydrochloric acid type ... j 

two atoms of hydrogen being replaced by the divalent 
atom Ca". 


The oxides, sulphides, oxygen salts, sulpho salts, &c., 
belong to the water type , H a O and its multiples ?zlLO. 


Thus a monobasic oxygen acid, as, for example, nitric 
acid, may be regarded as derived from the water type by 
the replacement of one of the hydrogen atoms in the 


water molecule j 0 by the compound radicle NO*. 
Nitric acid j- O 


and potassium nitrate on this theory would bo written 
thus : nq ^ 0, where the metal displaces the only 

atom of hydrogen in the monobasic acid HNO„. lienee 
monobasic acids can yield but one class of salts, i.c. 
normal salts ; while di-basic acids yield two kinds of 
salts and tri-basic acids three kinds, as in the case of the 
phosphates of sodium (p. 92). 


Bodies belonging to the remaining two types are mostly 
represented by organic compounds. 
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EMPIRICAL AND RATIONAL FORMULAE. [CHAP. IX. 


When the formula of a chemical compound indicates, 
by means of the lowest integer numbers, merely the re- 
lative proportions in whioh the several elementary atoms 
of which it is composed are associated, it is termed an 
empirical formula . If a chemical formula expresses the 
absolute number of the several elementary atoms entering 
into the composition of a single molecule, it is then called 
a rational formula . Thus the two formul® of ferric 


chloride are written : — 

Empirical formula Fe Cl 8 

Rational formula Fe a Cl fl . 


True molecular formulae* are necessarily rational 
formulae. Empirical formulae are (or should be) only 
employed to represent compounds, the true molecular 
weights of which remain undetermined. 

The empirical formula of a compound is easily deter- 
mined when we know its percentage composition. The 
manner in which this is usually done is to divide the per- 
centage amount (ascertained by analysis) of each 
constituent by its combining weight, then dividing each 
of the quotients thus obtained by that which is least, thus 
finally reducing to their simplest ratios. 

For example : — A compound is found on analysis to 
possess the following percentage composition ; we de- 
duce the empirical formula as follows : — 

Hydrogen 17 '647 

Nitrogen 82*353 

Total =100*000 
17*647 

Proportion of Hydrogen Atoms = — j — = 17*647 

82*353 

Proportion of Nitrogen Atoms = — — =5*882 


* Compare Chapter VII., page 59. 
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The simplest ratio between 17*647 and 5*882 is 3 : 1 — 
for 17*647 5*882 = 3 1. 

Therefore the empirical formula is (H = 3 atoms, and 
N = 1 atom) H 8 N, that is Ammonia. 

As another example of this oft-required process, let it be 
required to determine the empirical formula of a sub- 
stance composed of hydrogen, carbon and oxygen, which 
yields by analysis the following percentage composition, 


viz . : — 

Hydrogen 2*00 

Carbon 42*00 

Oxygen 56 00 


Total = 100-00 


Now 


*^ = 2 = Proportion of Hydrogen atoms ; 
42 

_^ = 3*5 = Proportion of Carbon atoms; 


and ^ = 3*5 = Proportion of Oxygen atoms, 

The simplest whole numbers in the same ratio are 4, 
7 and 7 .*. the empirical formula is H 4 C 7 0 7 , that is 
meconic acid (an acid found in opium). 

On the other hand, when the formula of a body is 
known, we may have to determine its percentage com- 
position. This may be done as follows: — 

Suppose we were asked to calculate the percentage 
composition of the salt whose formula is — 

NaaHP0 4 (disodium-hydrogen phosphate) 


( Na 3 =46 
\H = 1 

Then we know that P =31 
I 0 4 =64 


Therefore the molecular) 
weight of the salt > 


= 142 
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Hence by proportional parts we have — 

142 : 100 46 : 32*4 = Sodium 

142 : 100 1 : 0*7 = Hydrogen 

142 : 100 31 : 21*8 = Phosphorus, 

142 : 100 64 : 45*1 = Oxygen ) 

,\ The salt contains in every 100 parts by weight 


Sodium 


Hydrogen 

.... 0-7 „ 

Phosphorus 

.... 21-8 „ 

Oxygen 

.... 451 „ 

Total 

100-0 


Concerning every variety of matter there are three things which 
the Chemist desires to ascertain : — 

First: — The nature, or quality , of its constituents. 

Second: — The proportion, or quantity , of its constituents. 

Third : — The mode of arrangement of its constituents. 

Analytical Chemistry deals with the first and second under the 
titles of Qualitative and Quantitative Analysis ; while the third 
involves considerations of a purely speculative character — theerry. 

- Table G. (opposito) gives a classification of the principal inorganic 
salt-forming radicles. 



TABLE Gk 

CLASSIFICATION OF RADICLES. 


Basic Radicles. | Acid Radicles. 


Names. 

Symbols. 

Combining 

Weights. 

Names. 

Symbols. 

Combining 
Weights . 

Simple. 



Simple. 



Hydrogen (a) . . 

H 

1 

Chlorine 

Cl 

35-5 

Potassium .... 

K 

39 

Bromine 

Br 

80 

Sodium 

Na 

23 


I 

127 

Lithium 

Li 

7 

Fluorine 

F 

19 

Barium 

Ba 

137 

Oxygen 

o 

16 

Strontium .... 

Sr 

87-5 

Sulphur 

s 

32 

Calcium 

Ca 

40 

Nitrogen 

N 

14 

Magnesium .... 

Mg 

21 

Boron 

B 

11 

Aluminium .... 

Al 

27 

Phosphorus — 

P 

31 

Chromium 

Cr 

52-5 

Carbon 

C 

12 

Iron 

Fe 

5G 

Silicon 

Si 

28 

Manganosium .. 

Mn 

55 



Zinc 

Zn 

65 

Compound (b) 



Cohalfc 

Co 

59 




Nickel 

Ni 

59 

Cyanogen 

(CN)-Cii 

26 

Cadmium 

Cd 

112 

Ferrocyanogen. . 

(FeCy,) 

134 

Copper 

1 Cu 

63*5 

Forricyanogen . . 

(Fe,,Cy a ) 

268 

Silver 

A 0 

108 

Sulphocyanogon 

(CNS) 

58 

Mercury 

Mg 

200 

Nitrio radicle. 

(NO,) 

62 

Lead 

Pb 

207 

Chloric „ 

(Cl O,) 

83*5 

Bismuth 

Bi 

210 

Iodic „ 

(IO,) 

175 

Tin 

Sn 

118 

Sulphurous „ 

(SO,) 

80 

Antimony 

Sb 

122 

Hyposulphurous 

(S a O.) 

112 

Arsenicum .... 

As 

75 

Sulphuric „ 

(SO.) 

96 

Gold 

Au 

196-5 

Silicic „ 

(WO,) 

92 

Platinum 

Ft 

197 

Fluosilicic „ 

(SiK) 

142 




Carbonic „ 

(OO,) 

60 




Oxalic „ 

C.A) 

88 

Compound (b) 



Boracic „ 

(SO,) 

59 




Phosphoric „ 

i'0.) 

95 




Chromic „ 

(CrO t ) 

116-5 

Ammonium .... 

\(NH t ) 


Arsenious „ 

(AsO,) 

123 


-Am 

18 

Arsenic „ 

(An 0.) 

139 


(a) The difference between Basic and Acid Badicles is rather one of degree than of kind. 

(b) The idea of compound radicles, as it is now entertained, is quite independent of the 
question whether they can be actually prepared in the separate state or not, A radicle, in 
modern chemical language, is simply a group of elements, which is common to a more or 
less numerous series of allied compounds, and remains unaffected by the processes whereby 
these compounds are transformed one into another.— Watt's Chem. Diet. 


7 



CHAPTER X. 


CHEMICAL PHILOSOPHY— GENERAL 
PRINCIPLES. 

The crust of our Earth is composed of rocks and 
minerals, which by natural decay produce the soils, on 
which grow the plants that provide sustenance for animal 
life. 

A mineral is best defined as an inorganic substance 
having a definite chemical composition and a distinct 
geometric form.* Rocks and stones are composed of 
aggregates of minerals. Minerals are definite chemical 
compounds ; while rocks are usually mechanical mixtures 
of mineral substances, though in a few instances a single 
mineral substance forms the sole component of some 
kinds of rock, such as pure limestone, quartz rock, &c. 

As an example of a mineral, I may mention Calcite } 
which is found crystallized in certain distinct geometric 
shapes, and it also possesses the following definite 
percentage composition 

Calcium oxide 56 parts by weight. 

Carbon di-oxide 44 ,, ,, 

100 

On the other hand, a specimen of rock will not possess 
a particular geometric form, and its composition will be 
represented by a variety of bodies, each of which is in 
itself a separate mineral substance. Thus granite rock 
contains the minerals quartz, felspar and mica, in varying 

* When occurring in the free and unmixed condition. 
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proportions — the mica may even be absent or replaced by 
another mineral without destroying the granitoid nature 
of the rock. 

Hence we see that Mineralogy — the science of 
Minerals — may be regarded from the twofold aspect of 
(a) chemical composition and (b) geometric form. 

The former is entirely under the domain of Chemistry, 
but the latter belongs to the kindred branch of Science 
known as Crystallography. 

All solid substances are either crystalline or amorphous 
— crystalline when occurring in regular geometric forms 
(termed crystals), c.g. crystallized quartz (rock crystal), 
salt, calc-spar, &c.; amorphous* when occurring without 
regular, geometric form, c.g. massive quartz (quartz rock), 
chalk, slate, &c. 

Crystals are geometric solids bounded by plane 
surfaces having definite geometric relations to each other, 
for the complete study of which I must, at present, refer 
you to some of the standard works on Crystallography.! 

Though the number and variety of crystalline forms 
are very considerable, yet by careful study of their 
characteristic properties, all the known natural or arti- 
ficial substances can be grouped under a comparatively 
small number of classes, or systems. 

The following simple figures represent open and closed 
forms in each of the systems — prisms and pyramids — 
symmetrically arranged around axes. The tetrahedron 
and rhombohedron are hcmihedral forms — aa\ bb\ cc\ 
&c., represent the axes. 

* From a not, pop<f)r) form. 

f With the assistance of the models of crystalline forms which 
you see before you on the Lecture Table, wo shall study briefly the 
principal crystallographic laws. 
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The following seven groups of classes represent all 
the possible crystalline systems in which organic or 
inorganic crystalline substances can possibly occur : — 
Crystalline Systems. 

1. The Monometric (regular, or cubic) System. 

2. The Dimetric (square, prismatic, or pyramidal) 

System. 

3. The Trimetric (right prismatic, or rhombic) System. 

4. The Monoclinic (or oblique prismatic) System. 

5. The Diclinic System ( not knoion in nature). 

6. The Triclinic (or doubly oblique) System. 

7. The Hexagonal (or rhombohedral) System. 

These several systems may be classified under three 

distinct groups, as under : — 

A. The Metric / 1. Monometric — axes of one length. 

2 - Dimetric-axes of two lengths, 
angles. ( 3. Trimetric — axes of three lengths. 

13. The Clinic / 4. Monoclinic — one acute angle 
Group (having 3 between axes, 

axes making one 5. Diclinic — two acute angles bo- 
or more acute tween axes, 

angles). 6. Triclinic — three acute angles be- 

tween axes. 

C. The Ilex- ( 7. Hexagonal — three axes equal and 
agonal (having 4 < in same plane and one perpen- 

axes). ( aicular to plane of those three. 

When the same substance forms crystals of two different 
Systems, it is said to be dimorphous ,* e.g. carbon, 
sulphur, calcium carbonate, &c. When two different 
substances form crystals of the same kind, they are 
said to be isomorphous (tVos, isos, equal, and yop<t>r), 
morphty shape, or form), e.g. Iceland spar and Pearl 
spar, &c. Isomorphous substances can usually replace 
each other in compounds without destroying the identity 
* A substance occurring in three systems is trimorphous . 
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of the particular species — thus iron, chromium and 
aluminum replace each other in the alums , which are 
usually double sulphates of an alkali metal and one or 
other of these three metals.* Isomorphic substances 
have approximately the same specific volume. 

Bodies which consist of the same ingredients, 
associated in the same relative proportions — i.e. have 
the same percentage composition — and which are yet 
regarded as distinot from each other, in consequence of 
differing essentially in properties, are termed isomeric\ 
bodies. Acetylene , C 2 H 2 , and Benzene , C 6 H 6 , are examples 
of isomerides. Such bodies are divisible into polymeric 
and metameric isomerides. Benzene is evidently a polymer 
of acetylene, its formula being a multiple of that of 
acetylene, for C 6 H 6 =3 (C a H a ). Isomerides having the 
same molecular weight, but whose component atoms are 
differently arranged, are termed Metammdes, as for ex- 
ample Urea , CH 4 N 2 0 and Ammonium cyanate , NH 4 CNO. 

When an elementary body occurs in two or more 
distinct forms possessing different properties, it is said 
to be allotxopic . Allotropy is unexplainable except on 
the assumption that atoms of the same element are 
capable of combination among themselves so as to 
form different groups of atoms of the same element 
(as for example Oxygen 0 2 and Ozone 0 8 ) with different 
properties. 

The affinities of elementary substances are noted to be 
greater at the moment of being set free from combination J 
than afterwards. This is probably due to the recombi- 
nation of individual atoms (afterwards) to form molecules 

* The relative weights of the replaced and replacing substances 
are always in the ratio of their chemical equivalents. This holds 
good for all kinds of replacements of isomorphous bodies. 

f From io-os equal, and /zcpos a part. 

I At this particular moment an element is said to be in the 
nascent state (nascens, being bom). 
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To assist in the identification of Minerals, mineralogists 
employ the following “ Scale of Hardness ” : — 


Degree of 
Hardness. 

Represented by 

1 

Talc. 

2 

Selenite (crystallised Gypsum). 

3 

Calc spar. 

4 

Fluor spar. 

5 

Apatite. 

6 

Orthoclose (Felspars). 

7 

Quartz (Rock Crystal). 

8 

Topaz. 

9 

Sapphire (Corundum). 

10 

1 Diamond. 


The French employ a similar scale with the numbers 
in the inverse order. 

In addition to crystalline form and hardness, the 
accurate determination of the relative density (or physical 
specific gravity) of a mineral provides another useful test 
for its recognition. The following formula serves the 
purpose of calculation : — 

. Weight of Substance 

Relative Density - Wctght 0 f equa i Volume of Water 

By general agreement the specific gravities of solids and 
liquids are referred to water (taken as unity) as their 
standard. Hydrometers are used for ascertaining the 
specific gravities of liquids. 

The modes of chemical change, though apparently of 
great variety and complexity, may yet be reduced to six 
distinct groups of cases, thus : — 
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Case I. — Changes by direct union ,or simple combination: as, 
for example, when powdered antimony com- 
bines with chlorine; or when magnesium 
ribbon burns in oxygen. 

Mg + 0 = MgO. 

Case II, — Changes by displacement , or substitution : illus- 
trated by the displacement of hydrogen, from 
sulphuric acid, by zinc. 

n 2 S0 4 + Zn = Zn S0 4 + H a 

This change is utilized in the preparation of Hydrogen. 

Case III. — Changes by reduction : as when an oxide is 
reduced by hydrogen. 

CuO + H a = Cu + H a O. 

Case IV. — Changes by re-arrangement ( isomeric changes). 

Such changes may be illustrated by the coagu- 
lation of the white of an egg on boiling ; or 
perhaps better still by the change which 
ammonium cyanate undergoes in becoming 
converted into urea. 


nh 4 cno 

ammonium 

cyanate 


by re-arrangement 
is converted into 


(CH 4 )NijO 

urea. 


Case V. — Changes by simple decomposition , or resolution : 

illustrated by the decomposition of water by 
dissociation or by means of an electric current. 


2 HaO = 2II a + 0 2 


Case VI. — Changes by double decomposition: illustrated 
by the exchange of radicles of two salts in 
solution : as, for example, silver nitrate and 
sodium chloride. 


AgNOs + NaCl = AgCl + NaNO, 
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Berfchollet has given us two very convenient Buies for 
predicting the double decomposition of salts, viz .: — 

Buie 1. — If the acid radicle of the one salt with the 
basic radicle of the other would form a more insoluble 
compound than either of the given ones, then double 
decomposition will ensue on mixing their solutions : — 

MgS0 4 + BaCl a = BaS0 4 + MgCl* 

Table H now may be consulted with advantage to 
ascertain the solubility or insolubility of salts in water, 
which knowledge enables the chemist to predict cases of 
double decomposition. The insolubility of barium sul- 
phate accounts for the above reaction. 

Buie 2. — Two bodies mixed (or heated) together will 
decompose each other if it be possible by double decom- 
position to produce a more volatile body than either of 
the original bodies. 

When ammonium sulphate and barium chloride are 
heated together double decomposition ensues owing to 
the volatility of the ammonium chloride. 

(NH 4 ) a S0 4 + BaCl a = BaS0 4 + 2NH 4 C1. 

Similarly, when hydrochloric acid is poured over chalk 
immersed in water, we have a case of volatility in the 
escape of carbonic acid gas. 

CaC0 8 + 2HC1 = CaCla + E,0 + CO a 



TABLE HC. 

SOLUBILITY OR INSOLUBILITY (IN WATER) OF SALTS OF THE PRINCIPAL METALS* 
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Remarks. 

In this Table 

S stands for Soluble , 

I „ „ Insoluble. 

s.S „ „ sparingly Soluble. 

I.S is used where the proto salt 
is insoluble while the per salt 
is soluble. 

The dash( — ) is used in untried 
cases, or where such salts are 
unknown. 

The relative solubility will be 
found at the intersection of 
the horizontal and vertical 
columns. 


S 

I 

I 

I 

I 

S 

s S 

s 

s.S 

I 

s.S 

I 

S 

s.S 

s.S 

S 

s 

I 

s 

I 

s.S 
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ATOmonium 

Aluminum .... 

Antimony 

Barium 

Bismuth 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 

Gold 

Lead 

Magnesium 

Manganesium . . 

Mercury 

Nickel 

Platinum 

Potassium .... 

Silver 

Sodium 

Strontium .... 

Tin 

Zinc 


* Consult the Author’s Test Tables for Qualitative Analysis. 
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H = 1 ; Density = 1 ; Atomicity = 1. 

Sp. gr. ( air = 1) = 0*0691. 

History. — In the sixteenth century Paracelsus observed 
that a gas, which he took to be air, was evolved when 
iron is dissolved in sulphuric acid. Hydrogen was first 
recognized as an independent body in the year 1766. The 
credit of its discovery is given to Cavendish by some, and 
to Watt by others. Cavendish called it inflammable air . 

Occurrence. — This element acquires its name from its 
occurring as one of the components of water (vSwp, water, 
and ycvvdu), I produce). Though seldom found free, or 
uncombined, in nature, it occurs in the free state amongst 
volcanic gases. It constitutes one-ninth part by weight 
of all the water on the globe ; it exists in all vegetable 
and animal substances ; it is also a constituent of nearly 
all combustible materials, as coal, candles, oils, gas, &c., 
and of all acids whatsoever. 

Properties. — We shall now consider the chief charac- 
teristic properties of hydrogen gas ; they are — 

1#£. Its combustibility, or inflammability in air. 

2 nelly. Its levity, or lightness. 

These properties may be demonstrated by the following 
experiments : — I have here, standing on the shelf of the 
pneumatic trough, some jars of hydrogen gas ; and, in order 
to exhibit its combustibility in air, I shall take one of these 
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in my left hand, holding it still with its mouth down- 
wards, and with the other hand pass an ignited taper up 
into the jar ; when this is done you will observe that the 
gas bums (with a very pale and scarcely visible flame) only 
at the surface , or where it is in contact with the air , and 
that the taper becomes extinguished , but on withdrawing 
it from the jar it is rekindled at the surface of contact of 
the hydrogen and air . Now I shall perform a similar 
experiment, using another jar with its mouth held up- 
wards ; in this case you notice that the gas burns with a 
slight explosion and with an ascending flame. 

As illustrations of the extreme levity of hydrogen the 
following experiments will suffice : — 

I have here an air-tight bag to which is fitted a brass 
pipe, similar to a tobacco pipe, 
which is furnished with a stop- 
cock (Fig. 7). This bag has 
been filled with hydrogen gas 
which was prepared previous to Fig. 7. 

lecture — it was liberated from hydrogen sulphate by the 
action of zinc in the mode to be described. I immerse 
the brass pipe in this solution of soap (prepared by 
rubbing a piece of soap in a small quantity of distilled 
water till the mixture gets very frothy). I now open the 
stop-cock, and by pressing the bag gently, blow soap- 
bubbles with the hydrogen gas. These miniature balloons 
ascend to the ceiling of the room after they are detached 
from the pipe, thereby proving that they are lighter than 
the air in which they float. 

The second property may be illustrated in a more 
striking manner by filling a small balloon of collodion or 
of gold-beaters’ skin with hydrogen ; for this purpose the 
hydrogen should be dried by passing it through a tube 
packed with fragments of quicklime or hydrate of 
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potassium, by either of which it is deprived of its 
moisture, and is thus rendered specifically lighter. The 
balloon may be filled either from a large transferring jar, 
full of hydrogen, by pressing the jar down into the water 
of the pneumatic trough, and thus forcing the gas 
through the drying tube and into the balloon ; or by 
attaching it — interposing a drying tube — to the bottle for 
generating hydrogen. When properly filled, the balloon 
must be fastened round the neck with a fine silk string, 
I shall now take this balloon (holding it by the neck), 
and lay it on the table ; it will not, however, remain 
there, but, as you will presently see, rapidly ascend to 
the ceiling of the lecture room ; there it goes ! 

Another experiment — and the last I shall now perform 
— in illustration of this property consists in pouring 
hydrogen upwards from one jar into another, thus : here 
is a jar of hydrogen, and here another jar (a little 
smaller) containing nothing but air ; by raising the jar 
of hydrogen out of the water and bringing its mouth 
downwards, and gently sloping 
it under the mouth of the jar 
containing air, I can thus, as 
it were, pour the hydrogen 
up into the other jar — it being 
a principle of hydrostatics 
that a light fluid must rise 
through a heavier one — the hydrogen rises" through and 
displaces the air from this jar in the same manner and 
for the same reason as it rose through and displaced the 
water in the jars standing on the shelf of the pneumatic 
trough. The fact that the hydrogen has transferred 
itself into the upper jar may easily be made manifest : 
first, by immersing a lighted taper in the jar 
that was originally occupied by air, when it will (as is 
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now the case) be extinguished, and rekindled on withdraw - 
ing it through the space where you see the hydrogen 
burning in contact with 
the air, thus proving 
that there is hydrogen 
in this jar; and 
secondly, by immers- 
ing the lighted taper in 
the other jar, — the one 
originally occupied by 
hydrogen — you observe 
that it burns away as it 
did in the air previous 
to immersing it, thus 
proving that there is 
no hydrogen in this 
jar. 

An atmosphere of Fig. 9. 

hydrogen owing to its levity conducts sound so feebly 
as to be almost inaudible ; the truth of this statement is 
easily proved by ringing a bell in a large jar (Fig. 9) filled 
with the gas, and comparing the sounds thus produced 
with those produced by the same means in the air only. 

Methods of Preparation.— -Hydrogen is always ob- 
tained either by the decomposition of water or of some 
acid. 

The simplest, but at the same time the most expensive, 
mode of preparing hydrogen consists in decomposing 
water by the aid of the alkali metal potassium. When 
a little bit" of potassium is thrown into water, the water 

* Care must be taken not to use too large a piece of potassium ; 
a piece about tbe size of a small pea may bo used with safety ; if 
this precaution be neglected, a dangerous explosion may be the 
consequence. Sodium will answer equally well ; and it has tho 
advantage of cheapness. 
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immediately begins to decompose by exchanging its 
hydrogen, atom by atom, for an equivalent portion of 
potassium, and at the same time liberating the displaced 
hydrogen. The action of potassium on water is repre- 
sented by a chemical equation as follows : — 

2H a O + K' a = 2KHO + H a [1] 

that is, two molecules of water and one molecule of 
potassium yield two molecules of potassium hydrate 
(KHO) and one molecule of hydrogen — or, in other 
words, when water is decomposed by potassium, or 
sodium, half of its hydrogen is set free. Potassium, being 
lighter than water, will float* when thrown into that 
liquid ; and the hydrogen, being liberated in contact with 
the oxygen of the surrounding air, will be set on fire/Oy 
the heat evolved by the combination of the pota^um 
with the oxygen of the water ; the heat ev^us * ’ 80 

great as to volatilize a portion of the potass^ * w hich 
imparts a violet colour to the flame. j 

Two atoms of potassium replace 2 atoms of hydrogen ; 
hence 1 atom of potassium is equivalent to 1 atom of 
hydrogen, and this fact is indicated by writing the 
symbol for potassium thus : K' 

By wrapping the piece of potassium in blotti^paper, 
or in a wire-gauze spoon, and immersing it in a pneumatic 
trough just beneath the mouth of a cylindric j* r fall of 
water, the hydrogen gas may be collected an/ Its pro- 
perties examined. 

If the cylindric glass jar be filled with pfasion of 
purple cabbage instead of plain water, the a °t of the 
potassium being converted into potassic hyd^ 6 (caustic 
potash), by its combination with the o^ en ot the 

* An amalgam of potassium or of sodium n^y k e U80< ! f° r 
greater convenience. 



CHAP. XI.] 


METHODS OF PREPARATION, 


113 


water, becomes evident by the change of the original 
purple- blue colour to green.* 

Potassium and sodium break up water at ordinary tem- 
peratures, while other metals, such as iron, require a good 
red heat before they will decompose it, A bar of white-hot 
iron immersed under a jar filled with water has been long 
known to liberate hydrogen from the water— but the 
quantity thus obtainable, being small, renders this method 
unpracticable where hydrogen is required for experimental 
purposes. 

Another method for obtaining free hydrogen by the de- 
composition of water is occasionally employed. It con- 
sists in passing steam over chips of iron which are brought 
to a red heat in a gun-barrel or similar wrought-iron tube 



Fig. 10. 

As the water-gas passes over the red-hot metal, it parts 
with its oxygen, which, combining with the iron, forms an 
oxide of iron.t while its hydrogen passes on, and may be 

* Such a change of colour is characteristic of the alkali potassic 
hydrate, see p. 91. 

f The oxide produced in this case is called the black oxide of iron, 
also the magnetic oxide of iron. The reaction which takes place is 
represented by the equation — 

4 H a O -f* Fe 8 — Fe 8 O 4 -4- 4 Ha. 

Charcoal may be substituted for the iron chips, when the equat on 
becomes H a O -f- C = CO + H a . 
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collected in jars over the pneumatic trough. The pro- 
perty of decomposing water which is possessed by red-hot 
iron may be proved in a more simple manner (than by 
using the complicated apparatus represented in Fig. 10), 
by plunging a bar of red hot iron into the pneumatic 
trough directly under the mouth of a gas jar filled with 
water, when it will be seen that bubbles ascend and dis- 
place some of the water in the jar. These bubbles are 
composed of hydrogen mixed with air. 

The method 
most generally 
employed for pre- 
paring hydrogen 
may be described 
as follows : — Into 
a Wolfe’s or two- 
necked bottle* 

(see Fig. 11) some 
granulated zinct 
is introduced. The 
necks of the 

bottle must now 
be closed by corks, 
one of which 
carries a bent Fig. 11. 

delivery tube, and the other is traversed by a thistle 
funnel reaching to within about half an inch of the bottom 
of the bottle. As much distilled water as will cover the 
zinc and the lower end of the long funnel must then be 
poured into the bottle through the funnel. The next 
thing is to ascertain whether the joints closed by the 

* A wide-mouth bottle, fitted with a large cork in which two holes 
are bored, will answer quite as well. 

f The zinc may be granulated by melting it in an iron ladle, and 
then pouring it into water. 
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corks be air-tight or not. This may be proved by blow- 
ing through the funnel, when, if a leak exists, you will 
hear a hissing sound caused by the escape of the air 
within ; or by placing your warm hands on the sides of 
the bottle, which causes the enclosed air to expand, 
thereby increasing the pressure on the surface of the 
water ; consequently a column of water will rise in the 
funnel-tube ; if on removing your hands the column of 
water be observed to fall gradually to its original level, 
you may be satisfied that the corks are staunch ; if the 
corks be found leaky, they must be staunched either by 
painting with Bealing-wax varnish, or by covering them 
with a plaster of linseed meal (or with plaster of Paris), 
before proceeding further with the experiment. Such 
precautions must be attended to in the preparation of all 
gases. 

Having proved that our apparatus is air-tight the ex- 
periment may be proceeded with by pouring a few drops 
of hydrogen sulphate* into the bottle through the funnel, 
and then gently shaking the bottle, when brisk efferves- 
cence commences, produced by the escape of the hydrogen 
gas through the liquid. H 2 S0 4 -f Zn = Zn S0 4 + II a . By 
occasionally adding a few drops of hydrogen sulphate 
(sulphuric acid) a continual stream of bubbles of gas is kept 
up. Care must be taken not to add too much acid at a 
time, otherwise the action may become soviolentasto cause 
the contents of the bottle to froth over. Should the action 
at any time appear unduly brisk, it is better to add a little 
more water, which will dilute the acid solution and there- 
by quiet the action, as well as prevent the zinc sulphate 
from forming an insoluble film on the surface of the zinc 

* The hydrogen sulphate may be replaced by hydrogen chloride, 
in which case no water is necessary, and the reaction is represented 
thus: — 2HCl-hZn = Zn Cl 2 -j-H 3 . The zinc may be replaced by 
iron, when the formula becomes 2 HCl + Fe = Fe Cl 2 +H g . 
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(zinc sulphate being insoluble in the concentrated acid), 
thus protecting it from the further action of the hydrogen 
sulphate. Filling as many jars with the gas which comes 
over at first as are about equal to twice the capacity of 
the generating bottle, we reject this quantity in conse- 
quence of its being mixed with air,* and then collect three 
or four jars of pure hydrogen. The jars should not be 
filled completely, as in consequence of the levity of the 
hydrogen gas they might turn over with the slightest gust 
of wind ; it is sufficient to fill them so that the level of 
the water inside the jar shall be the same as that in the 
trough. 

When gaseous hydrochloric acid is heated in presence 
of the metal sodium, the latter combines with the 
chlorine, liberating hydrogen, thus : — 

2HC1 + Na* - 2NaCl + H* 

When a solution of potassium hydrate (caustic potash) 
is heated in contact with metallic zinc or iron, hydrogen 
is evolved. 

2KHO + Zn = K 2 Zn0. 2 + H 2 

Hydrogen is also evolved from almost all aqueous solu- 
tions of ammoniaf when brought into contact with zinc 
(best at a temperature of about 40° C.). From a mixture 
of iron, zinc, and a solution of sal ammoniac hydrogen is 
freely evolved. 

Quantitative Calculations. — It can be proved experi- 
mentally (by performing the necessary weighings, &c.) that 
2 parts by weight of hydrogen are liberated when 65 parts 
by weight of zinc are dissolved in hydrogen sulphate, and 

* A mixture of hydrogen and air produces a dangerous explosion 
'when brought into contact with a lighted taper. 
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that if the sulphate of zinc which remains in the bottle 
in solution be separated from the water and dried, it will 
be found to yield 161 parts by weight. Whatever excess 
of acid may have been used remains in the bottle mixed 
with the water. These experimental facts are repre- 
sented in a concise and intelligible form by the following 
equation : — 

Zn + H 2 S0 4 = Zn S0 4 + H a [2] 

Now, according to our Table of atomic weights, 
Zn=65, H = l, S = 32, and 0 = 16. 

.\H 3 S0 4 = (1 x 2) + (32 x 1) + (16 x 4) =98, 
and Zn S0 4 =(65 X 1) + (32 X 1) + (16 x 4) = 161. 


Hence equation [2] may be written thus : — 

Zinc , Hydrogon Sulphate _ Zinc Sulphate , Hydrogen 

V , /] > — ' 1 — * » ’ 


(65 parts) (98 parts) 


(161 parts) (2 parts) 


So the equation states (in a concise manner) that 65 parts 
by weight of zinc and 98 parts by weight of hydrogen 
sulphate yield 161 parts by weight of zinc sulphate and 2 
parts by weight of hydrogen. 

Two atoms of hydrogen are replaced by 1 atom of zinc ; 
hence 1 atom of zinc is equivalent to 2 atoms of hydrogen. 
Zinc is therefore a dyad element. 


If the atomic proportions be taken in grams, then the 
equation further asserts that every 65 grams of zinc 
displace 2 grams of hydrogen from every 98 grains of 
hydrogen sulphate brought in contact with it under the 
circumstances I have described to you. It will thus be 
an easy task to calculate the quantities of zino and 
hydrogen sulphate required to produce a given quantity 
of hydrogen. For example — 

Let it be required to calculate how much zinc and 
hydrogen sulphate are required to produce 25 grams of 
hydrogen. 
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As 65 grams of zinc are required for 2 grams of hydrogen, 
65 „ „ „ 1 gram „ 

2 

.65*o 5 

" 2 .. 25 grams „ 

. ~ ... . . 25 =812-5 grams. 

Arts . Quantity of zinc— ^ 

Or by simple proportion thus : — 

Hydrogen Hydrogen Zino Zinc 

(2 grams) : (25 grams) :: (65 grams) : (x grams) 

x — 65 X_25 _ gx2 -5 grams of zino. 

2 

The quantity of hydrogen sulphate is determined as 
follows : — 

As 98 grams of hydrogen sulphate yield 2 grams of hydrogen, 
„ „ .. 1 

2 

• 98 „ „ 25 grams „ 


Ans.Quantity of hydrogen sulphate = ~ x25 = 1225grams. 

A 

Or by simple proportion thus : — 

Hydrogen Hydrogen Hydr. Sulph. Hydr.Sulph. 

(2 grams) : (25 grams) :: (98 grams) : (x grams) 

98 

.% x = -gX 25 = 1225 grams. 


THE HALOGENS. 

Chlorine — Bromine , Iodine and {Fluorine). 

Of the other monad elements chlorine, bromine, iodine, 
and fluorine are next in importance. The compounds 
which these elements form with the metals sodium, 
potassium, and magnesium, so closely resemble common 
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sea-salt (sodium, chloride) that Berzelius gave the title of 
halogen * to the group. 

These elements possess the common property of 
combining with hydrogen in the proportion of atom to 
atom, producing by their combination, in each case, a 
strongly acid body which is gaseous and soluble in 
water. 

HC1 = hydrochloric acid. 

HBr = hydrobromic acid. 

HI = hydriodic acid. 

HF == hydrofluoric acid. 

These are the halogen acids ; they are also frequently 
termed hydracids, in contradistinction to the so called 
oxyacids , or acids containing oxygen, like nitric (HNO») 
and sulphuric (H a S0 4 ) acids. 

Fluorine has resisted most attempts at isolation up to 
the present time.t The other three members of the 
group are well known, and present marked gradational 
differences in properties. Chlorine is a gas while bromine 
is liquid and iodine solid at ordinary temperatures and 
pressures. The atomic weight and vapour-density of 
bromine are intermediate (just the mean) between those 
of chlorine and iodine. 

Cl - 35-5) 

Br = 80 >• 80*8 = mean. 

I - 127 ) 

Bromine is, again, intermediate in chemical activity; 
for chlorine expels bromine from bromides, while bromine 
in turn expels iodine from iodides. 

Methods of Preparation.— The common source of these 
three elements is sea- water. Chlorine is obtained from 
common salt (NaCl), bromine from the magnesium 

* From aks sea-salt, yevvao) produce. 

f Its hydrogen compound is, however, well known, and is used in 
the arts for etching on glass, being obtained from Fluor-Spar by 
the action of sulphuric acid. [H a S0 4 -l-CaF a =CaS04-|-2HF.] 
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bromide (Mg Br 2 ) present in sea water, and iodine from 
kelp, the ashes of certain seaweeds (containing Nalj 
growing on the coasts of Scotland, Ireland and France. 

Preparatory to the preparation of chlorine, hydrochloric 
acid (HC1) is first obtained, by the action of sulphuric 
acid on common salt 

2NaCl + H 2 S0 4 - + 2HC1. 

Sodium di-sulphate (called salt cake) is also produced. 
Then some of the chlorine of the hydrochloric acid is 
liberated by the action of manganesium dioxide — a 
substance which we use in the preparation of oxygen — 
while chloride of manganese and water are formed. 

Mn0 2 + 4HC1 - MnCl a + Cl 2 + 2H 2 0 
A more convenient method of preparing chlorine for 
experimental purposes in a laboratory consists in mixing 
the materials used for preparing hydrochloric acid with a 
sufficiency of the manganese (Mn0 2 ) in a large glass flask 
and applying a gentle heat. 

Mn0 2 + 2NaCl -f 2H 2 S0 4 = Cl 2 +NaaS0 4 +MnS0 4 +2H 2 0 
The gas should be collected over hot water or by dis- 
placement of air ; it cannot be collected over mercury, as 
it enters into rapid combination with that metal. 



Fig 12. 

Collecting chlorine over hot water. 
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By this process the hydrochloric acid from which the 
chlorine is liberated is evolved in the same vessel in which 
it is, at the same time, acted on by the manganese. It is 
usual to employ a larger proportion of sulphuric acid than 
represented in last equation, so that acid sodium sul- 
phate may be left in the glass flask, which can then be 
easily washed out. 

MnO*+ 2NaCl + 3H a S0 4 = Cl a + 2NaHS0 4 +MnS0 4 + 2H a O. 

The mixture most generally used consists of one part 
manganese, 1 part salt, and 2 parts strong acid previously 
mixed with twice its volume of water and cooled. 

Exactly similar reactions occur in the preparation of 
bromine and iodine from bromides and iodides 
respectively* — 

Mn0 2 + 2NaBr -f- 3U2S0 4 — i3r2-t- 2NaIIS0 4 -J- MnS0 4 -J- 2H 2 0. 

Mn0 2 + 2NaI +3H 2 S0 4 =I a + 2NaIIS0 4 +MnS0 4 +2H a 0. 

Chlorine is a yellowish-green gas with a suffocating 
odour which, when diluted largely with air, somewhat 
resembles that of seaweed ; it should not be inhaled, as 
it produces severe irritation of the bronchial passages, and 
even death. The dry gas is condensed into an oily- 
looking liquid when cooled under a pressure of five or six 
atmospheres. Chlorine has a greab affinity for hydrogen, 
and equal volumes are exploded (producing fumes of 
hydrochloric acid) on exposure to heat, or even to sun- 
light or to the light of a magnesium taper. The bleaching 
action of chlorine, which renders it so valuable in the arts 
of bleaching cotton, linen and paper goods, is mainly due 
to its power of combining with hydrogen and the conse- 
quent liberation of oxygen, which in the nascent state 
readily combines with colouring matters, and thus 
bleaches them. Water dissolves twice its volume of 

* These processes are now in full operation on tho Lecture Table, 
and you* can recognise the presence of Iodine and Bromine from 
their colours — violet and red , respectively. 
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chlorine, and chlorine water is frequently used for bleach- 
ing as well as for disinfecting purposes. This solution 
cannot be long kept, for on exposure to sunlight (even to 
diffused daylight) the chlorine displaces oxygen and com- 
bines with hydrogen, thus producing (in solution) 
hydrochloric acid and dissolved oxygen. 

2H a O + 2C1* = 4HC1 + 0 2 . 

It is this liberated oxygen which is the real bleaching 
agent. 

Chlorine is therefore indirectly an oxydising agent 
owing to the power it has of robbing certain oxidised 
bodies of their hydrogen. 

For storing chlorine for use in the art of bleaching, it 
is usual to conduct the gas into slaked lime with which it 
partly combines to form the well-known bleaching powder 
(popularly, though wrongly, called chloride of lime) ; its 
composition is represented by the formula CaCl a + Ca 
(C10) 2 ; and it readily gives off chlorine gas when treated 
with a dilute acid. 

Chlorine forms but one compound with hydrogen, 
namely, hydrochloric acid gas (HC1), the solution of 
which in water is sometimes called muriatic acid, on 
account of its being prepared from sea salt ( muria ). 

A candle burns in chlorine gas, the hydrogen of the fat 
combining with the chlorine to form liydric chloride, 
while carbon is set free as a black smoke. Turpentine 
and other hydrocarbons also readily burn in chlorine by 
a similar action. 

Chlorine combines readily with most of the metals ; 
powdered antimony and gold leaf take fire spontaneously 
in dry chlorine gas. 

Names and Formula of Familiar Chlorides . 

Hydrogen Chloride = HC1 (Muriatic acid). 

Argentic Chloride = AgCl (Horn Silver) 
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Sodium Chloride = 
Potassium Chloride = 
Plumbic Chloride = 
Mercurous Chloride = 
Mercuric Chloride = 
Zinc Chloride = 

Cuprous Chloride = 
Cupric Chloride — 
Stannous Chloride = 
Stannic Chloride = 
Ferrous Chloride = 
♦Ferric Chloride = 
Aluminic Chloride = 
Chromic Chloride 
Antimonous Chloride = 
Antimonic Chloride = 
Aurous Chloride = 
Auric Chloride = 

Ammonium Chloride ~ 
Platinous Chloride = 
Platinic Chloride = 


NaCl (Salt) 

KC1 

PbCl 9 

Hg a Cl 2 (Calomel) 

HcCL(Corrosive Sublimate) 

ZnCl a 

Cu 2 Cla 

CuCl a 

SnCl a (Dyer’s Salt) 

SnCl 4 

FCla 

Fe a Cl a 

Al a Cl 0 

Cr 2 Cl 0 

SbCl 3 

SbCl 5 

AuCl 

AuCl„ 

NH 4 C1 

PtCl 3 

PtCl 4 


Insoluble Chlorides . — With three exceptions, the 
chlorides of all the metals are soluble in water ; the ex- 
ceptions are silver (AgCI), mercurous (Hg 2 Cl 2 ), and lead 
(PbCl 2 ) chlorides ; these are therefore at once distin- 
guished from all other chlorides by their insolubility in 
water, and they are distinguished from each other by 
their behaviour with ammonium hydrate (NH 4 HO) which 
reagent dissolves the first, blackens the second, and leaves 
the third unchanged. 


Halogens with Hydrogen and Oxygen 
In the following table we have a list of the known acids 
formed by the Halogens by combining with Hydrogen 
and Oxygen : — 

* The apparent tri-atomicity of iron in ferric compounds is ox- 
plained by the combination of one pair of the tetrad bonds of the 
double iron atom. —Fe Fe~= 
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(I) 

HP 

(II) 

(in) 

(IV) 

(V) 

HC1 

HCIO 

HCIO, 

HCIO, 

HCIO, 

HBr 

HBrO 


HBrO, 

HBrO, 

HI 

— 

— 

HIO, 

HIO, 


(The blanks indicate compounds not yet prepared.) 

Taking the chlorine compounds alone as representing a 
complete series, we may learn to distinguish the following 
series of compounds as oxides or oxy-acids of chlorine in 
which the chlorine atom appears to change its valency 
from one to seven . 

Oxides (with water forming) Oxy-acids . 

Hypochlorous \ 

acid J 

°“sr ! hci °- 

N o corresponding ) H C10 2 

single acid formed} +HC10 8 
Chloric acid |HC10 4 

Perchloric acil ) 11C10 4 

The oxides C1 2 0 6 and C1 2 0 7 , corresponding to chloric 
and perchloric acids have not yet been separately pre- 
pared, while C10 a (or C1 2 0 4 ), the peroxide, resembles 
nitrogen peroxide, forming with water mixed acids 
(HC10 8 +HC10 2 ) and with bases a mixture of chlorates 
and chlorites. 

Chlorine peroxide, which is a dangerously explosive 
substance, is evolved as a heavy, dark yellowish-red, gas, 
smelling like a mixture of burnt sugar and chlorine, when 
potassium chlorate is treated with concentrated sulphuric 
acid.* The gas often explodes on exposure to light, 
being resolved into elementary chlorine and oxygen. The 

* This experiment is best avoided, unless the student has learnt 
how to manipulate from a competent teacher. The same remark 
applies to the other oxides of chlorine. 


Hypochlorous') ~ 
anhydride ] Ua ° 

0 , 0 , 

Chlorine \ r , in 
peroxide } 

No correspon- ) 

ding oxides) 


Chlorous 
an 


ous 'I 
hydride J 
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sulphuric acid at first liberates chloric acid from the 
chlorate, which, owing to its instability, is further resolved 
into the peroxide, perchloric acid and water, thus : — 
3HC10 8 = 2C10 a + HC10 4 + H a O. 

Chlorous anhydride C1A> is a yellow-green gas with a 
very pungent smell, even more irritating to the respira- 
tory organs than chlorine ; it is dangerous to breathe it. 
It may be prepared on a small scale by bringing about 
the slow dioxidation of chloric acid ; nitrogen trioxide 
serves this purpose : — 

2HC10* + NA = Cl a 0 3 + 2IINO a . 

A mixture of potassium chlorate with arsenious 
anhydride and nitric acid in suitable proportions also 
serves to obtain a supply of this gas. The nitric acid 
liberates IIC10 3 , which is then reduced by the arsenious 
oxide. * 

Eypochlorous anhydride , CIA is a yellow-coloured gas 
having a smell resembling that of chlorine ; it is also a 
dangerous gas to prepare owing to its tendency to explode 
violently. It may be prepared by passing dry chlorine 
gas over dried precipitated oxide of mercury (kept cool), 
the reaction being 

2IIgO + 2 CL = HgO,HgCL 2 + CIA 
white mercuric oxychloride being the only other product. 

Hydrochloric Acid. — This gaseous body, already 
mentioned as forming the only compound of chlorine 
and hydrogen, is readily evolved when sulphuric acid is 
made to act on, almost, any chloride — fused common 
salt (NaCl) being generally employed, in the following 
proportions when glass apparatus is used in its 
preparation : — 

NaCl + H 2 S0 4 = NaHS0 4 + HC1. 

The acid sodium sulphate NaHS0 4 thus formed is 

*2IIC10 8 + As 2 0 3 = C] 2 0 8 + AsA + H a 0. 
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more easily washed out of a glass flask or retort than 
the normal sulphate, or salt cake (Na a S0 4 ). An 
apparatus similar to that used in the preparation of 
chlorine answers the purpose. On the commercial 
scale large iron cylinders are employed, and the gas is 
condensed in brick flues packed with moistened coke. 

Hydrochloric acid is a transparent gas which fumes 
readily in moist air. It possesses an intensely acid 
taste ; it irritates the eyes and membranes of the nose 
and throat. It has a peculiar pungent odour. It is 
extremely soluble in water.’ When a jar of the gas is 
opened under water, the latter rushes in with great 
violence, filling the jar. Water at 15° C. absorbs more 
than 450 times its own bulk of the gas. Hydrogen 
chloride, whether free or in solution, is decomposed by 
an alkali metal with evolution of hydrogen gas — 
occupying half the original volume of HC1. Hence two 
volumes of hydric chloride contain one volume of hydrogen 
— the other volume being chlorine. 

The gas extinguishes a lighted taper, nor does it 
take fire itself. 

A solution of hydrochloric acid gas is decomposed by 
electrolysis, giving equal volumes of hydrogen and 
chlorine. Its composition may also be ascertained by 
synthesis by exploding equal volumes of hydrogen and 
chlorine in a suitable tube. 

The aqueous solution is a very useful reagent, and is 
largely employed in Chemical Laboratories for dissolving 
metals, &c. 

Bromine, Iodine and Fluorine being comparatively rare elements, 
it is not thought advisable to introduce into the present elementary 
course a separate description of each element and its compounds. 
Bromides and Iodides are used only in medicine and photography. 
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OXYGEN. 

0" = 10 ; Density = 10. 

History. — Oxygen was discovered in the year 1774* by 
the English chemist Priestley, and in 1775 by the Swedish 
chemist Scheele, who it is said was unaware of its previous 
discovery in England. Priestley, supposing it to be air 
deprived of the imaginary substance named 1 phlogiston ’ 
by Stahl, called it ‘ dephlogisticated air/ Scheele called 
it * vital air,’ from its property of supporting animal life. 
Lavoisier gave it its present name oxygen from d£i's 
(oxus) acid, and yevvao) (gcnnao) I produce —believing it to 
be a necessary constituent of all acids. 1 

Occurrence. — This is the most widely-distributed 
substance in Nature ; it occurs to the extent of more 
than one-third of all the rock-materials composing the 
earth’s crust, and (as I shall presently prove) constitutes 
eight-ninths of the weight of the water, and one-fifth of 
the bulk of the atmosphere, which surround the world 
on which we live. Fully one-half of the matter of living 
plants and animals is also composed of oxygen. 

Properties. — Here is a jar of oxygen. You perceive it 
lias no colour — it is as invisible as air. Take the jar in 
your hands, examine the gas with your nose, and satisfy 

* The birth of Chemistry may be said to date from the discover 
of oxygen — i.e. from lBt August, 1774. 

f Although most acids contain oxygen, yet we now know of many 
in which oxygen does not exist at all— the halogen acids for example. 
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yourselves that it has no smell. We can dissolve some 
of it in water : 100 cubic inches of water at 0° C. are 
capable of dissolving 4 cubic inches of this gas. Here is 
some water containing oxygen in solution ; drink a little 
of it, and notice that it has no taste. It is of great 
importance to fish and other breathing inhabitants of 
seas, rivers, <fcc., that their waters are capable of dissol- 
ving oxygen — such animals being dependent on the 
dissolved oxygen for their 4 vital air.’ Fishes die if put 
into water from which the dissolved oxygen has been 
removed. You must remember that the oxygen which 
water contains in solution is not any portion of the 
oxygen of which water is partly composed ; the dissolved 
oxygen can be removed from it, without in the least 
interfering with its constituent oxygen ; the dissolved 
oxygen, being merely mechanically mixed with the water, 
is removed by boiling. 

With the apparent exception of fluorine,* oxygen is 
capable of combining with every one of the elements. Its 
combination with many of the elements is attended with 
the phenomena of combustion : for example : — 

If I insert this piece of red-hot charcoal ( i.e . carbon) 
into a jar of oxygen, it will burst into a brilliant glow . I 
now withdraw the piece of charcoal, and almost quench- 
ing it I again plunge it into the oxygen : you observe 
that it is rekindled. I may repeat this a great number 
of times, in fact until all the oxygen has combined with 
the carbon of the charcoal, and thus formed the compound 
called carbonic anhydride , C0 2 . Instead of a piece of 
charcoal I may use a chip of wood, which having first 

* The conditions necessary to effect the combination of oxygen 
and fluorine may yet be discovered ; hence we cannot say absolutely 
that oxygen will not unite with fluorine. 
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lighted I blow out, leaving it glowing red. As I plunge 
this chip* into another jar of oxygen, you notice that it 
bursts quickly into flame and burns brilliantly. For the 
chip of wood I may substitute a candle or taper with 
similar results. 

Into this curious-looking spoon (Fig. 13), which we call 
a deflagrating spoon (from the Latin deflagro , I burn), I 
put a small piece of sulphur (or brimstone), and ignite io 
in the lamp ; you observe it burns slowly and with but 
little light. Now I plunge the burning sulphur into a 
large jar or bottle full of oxygen (Fig. 14) : there, you 
see, it bursts into a fuller state of combustion with a rich 



Fig. 13. Fig. 14. 


violet-blue flame. The product of the combustion of 
sulphur in oxygen is (an acid oxide of sulphur) called 
sulphurous anhydride, SO a . 

Now let us try a similar experiment with phosphorus. 
Taking a small piece about the size of a pea, I first dry it 
between two folds of blotting-paper, and then, igniting it 


* Chips of cedar- wood are best-suited for this experiment. 

9 
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by touching it with a hot wire, I introduce it into a fresh 
jar or globe filled with 
oxygen (Fig. 15) and you 
observe the effect : the 
phosphorus and oxygen 
rapidly combine, producing 
a brilliant light and consider- 
able heat. When this ex- 
periment is performed in a 
dark room, the light becomes 
so intense that you can 
scarcely look at it. The Fig. 15. 

product of the combustion in this case is a snow-like 
solid, called phosphoric anhydride, P 2 0 6 . 



A more beautiful experiment than any of the preceding 
ones may be made by burning iron wire in oxygen. A 
piece of watch-spring or a coil of iron or steel wire, such 
as harpsichord wire, is generally used for this purpose. 
Having formed the wire into a spiral by coiling it on a thick 
glass rod, I dip one end of the coil into 
melted sulphur, and fasten the other 
end into a cork, which fits a large glass 
deflagrating jar containing oxygen, and 
standing in a good-sized tray of water. 

Having lighted the sulphur on the tip 
of the wire, I remove the glass stopper 
from the jar, and insert the coil of wire, 
lowering it till I can close the mouth of Fl 6- 16 * 
the jar with the cork, which is attached to the spiral 
(Fig. 16). 

The burning sulphur produces heat sufficient to start 
the combustion of the oxygen with the wire ; once begun, 
however, sufficient — and much more than sufficient — heat 
to continue the act of combination is evolved, during the 
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union of the iron with the oxygen. The oxidation of the 
iron proceeds with rapid combustion, yielding a light of 
dazzling splendour. That the oxygen is really absorbed 
by the iron is evidenced by the water rising in the jar to 
replace it. That great heat is evolved by the combina- 
tion of the iron and oxygen is manifested by the fact that 
the oxide of iron, which is formed, drops down in a 
molten state, and falling on the stoneware tray, burn? 
into its bottom : to prevent injury to the tray from this 
cause it is usual to have a layer of sand on the bottom of 
the tray. The product of the combustion in this case is 
the black (or magnetic) oxide of iron, the formula of which 
is Fe B 0 4 . 

From these experiments we learn that a very remark- 
able property of oxygen is its capability of supporting and 
increasing combustion . 

From the same experiments we also learn that the 
phenomena of combustion, in oxygen at least, are due to 
the act of combination, by which heat is always and light 
very often developed. The phenomena of combustion in 
oxygen and in air are essentially the same in nature, 
differing only in degree. When charcoal, wood, sulphur 
and phosphorus, &c., are burned in air, the products 
formed are exactly the same as when these substances are 
burned in oxygen ; but the rapidity with which combus- 
tion takes place in pure oxygen causes more intense heat 
and light to be evolved than is the case when combustion 
takes place in air only. Though the intensity of the heat 
may differ, still the same substance always evolves the 
same quantity of heat t whether burned in air or pure 
oxygen : thus, the quantity of heat developed by the 
combustion of 12 grams of charcoal in air is exactly equal 
to the quantity of heat evolved by the combustion of 12 
grams of charcoal in pure oxygen. The evolution of a 
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definite quantity of heat by the burning of the 12 grams 
of carbon in oxygen is, as it were, compressed into a 
shorter period of time than the evolution of the same 
quantity by the slower process of burning 12 grams of 
carbon in atmospheric air: hence the former is more 
intense than the latter ; in each case, however, the same 
compound (C0 2 ) and the same weight of it is formed ; and 
the amount of heat produced in either case would melt 
exactly the same quantity of ice. 

Oxygen possesses the important property of supporting 
the respiration of animals ; it is by virtue of its presence 
in a free state in the air we breathe that our life is main- 
tained ; the pure gas, however, has too stimulating an 
effect on our system ; and hence it is, wisely, diluted for 
us in the atmosphere by an admixture of a large share of 
nitrogen. That the oxygen of the atmosphere is necessary 
for life is easily proved by introducing a small animal, 
such as a rat or mouse, into a jar of air deprived of its 
oxygen. If this be done, the animal will die in a few 
moments. I shall have more to say on the subject of 
respiration when we come to consider the chemistry of 
the atmosphere. 

Oxygen is heavier than air, in the proportion of 
1-1056 : 1. One liter weighs 16 criths t at the normal 
temperature and pressure. 

So recently as December, 1877, MM. Pictet and 
Chailletet succeeded by the combined application of in- 
tense cold and great pressure in condensing oxygen and 
nitrogen into the liquid condition. 

Methods of Preparation. — Oxygen is usually prepared 
from some metallic oxide or salt containing it, merely by 
the application of heat , — the most useful agent the chemist 
can employ. 
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It was first prepared by Dr. Priestley from the red 
oxide of mercury, HgO. To obtain oxygen by this 
method, I take about 1 gram of this red powder (i.e. 
mercuric oxide), and introducing it into a hard glass tube 
to which is fitted a cork carrying a bent glass delivery 
tube, I apply the flame of a lamp to its bottom ; when a 
certain temperature is reached, the red powder splits up 
into its two components, mercury and oxygen ; the 
mercury sublimes into the upper part of the tube, and the 
oxygen, being a gas, passes off by the eduction tube. 

The decomposition of the mercuric oxide by heat is re- 
presented in the form of an equation, thus — 

HgO = Hg + 0* [1] 

which simply states that 216 parts by weight of the red 
oxide of mercury yield 200 of metallic m ercury and 16 of 
oxygen gas. Mercuric oxide being an expensive material 
other methods are now employed. 

A more suitable material — and the one from which 
oxygen is generally prepared — is the salt called potassium 
chlorate, a molecule of which is represented by the 
formula KC10 8 . 

To obtain oxygen 
from this salt we 
may use the appara- 
tus represented in 
Fig. 17, into which is 
introduced some 
chlorate of potassium 
which has been pre- 
viously dried and 
crushed in a mortar. 

When heat is applied 

* Molecularly expressed this equation becomes 2 HgO = 2Hg-f 0 9 . 



Fig. 17. 
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to the flask the chlorate first melts into a clear liquid, 
and after a little time oxygen gas begins to bubble 
through it : by continuing the heat sufficiently, the entire 
of the oxygen of the potassium chlorate may be liberated 
from its combination with the potassium and chlorine, 
leaving only 'potassium chloride , KOI, in the flask. 

The decomposition which the potassium chlorate 
undergoes, by the application of sufficient heat, is repre- 
sented by the equation — 

KClOs = KC1 + 0 8 [2] 

The temperature required to liberate the entire of the 
oxygen by this process becomes so high towards the end 
as to endanger the bottom of the flask. This incon- 
venience, however, is quite removed by mixing with 
the chlorate about one-fourth its weight of the peroxide 
of manganesium MnO., (commonly called manganese) or 
of the black oxide of copper CuO or of ferric oxide Fe a O R 
(iron rust) ; the manganese, being the cheapest, is usually 
employed. 

When the potassium chlorate is mixed with one-fourth 
its weight of manganic peroxide (MnO a ) the oxygen is 
given off at a much lower temperature than that required 
for its liberation from the chlorate alone ;* the oxygen, 
however, is not so pure, it being generally accompanied 
by traces of chlorine gas. This is, however, got rid of by 
passing the oxygen gas through cold water contained in a 
wash bottle before collecting it in the bag. 

A copper retort is usually employed for preparing 
oxygen when required in large quantities. The accom- 
panying sketch, Fig. 18, represents the necessary 
apparatus. 

* The mode of action of the Manganese oxide is not well under- 
stood ; it goes by the name of Catalysis, 
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Fig. 18. 

APPARATUS FOR PREPARING AND COLLECTING OXYGEN. 

Ozone (from o£w, I smell) is a molecular modification 
of ogygen gas, possessing a peculiar smell. It is thought 
to be oxygen in an altered state, and is consequently fre- 
quently called allotrojric* oxygen — i.e . another form of 
oxygen. Ozone is formed when a series of electric sparks 
are passed through ordinary oxygen or air, which, at the 
same time, undergoes a condensation of volume, — 3 
volumes of ordinary oxygen condensing into 2 volumes of 
ozone. This allotropic oxygen is characterized by great 
chemical activity, which is manifested by its decomposing 
potassium iodide, by its corroding cork, india-rubber and 
other organic substances, by its bleaching indigo and 

* From aAAos (alios) another, andrpclTros ( tropos ) form. 
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paper stained with sulphide of lead,* and by a variety 
of other oxidating actions. 

The’ peculiar smell usually perceived during the working 
of an Electric Machine is thought to be due to the forma- 
tion of ozone, for when ozone-paper ( i.e . starch paper 
dipped in a solution of potassium iodide) is held in front 
of a point attached to the conductor of the machine, the 
paper turns blue, in consequence of the formation of the 
well-known blue compound iodide of starch.f 

The study of the properties of ozone is chiefly interest- 
ing in consequence of a belief that it exists in the atmo- 
sphere, and that it there performs the important duty of 
oxidizing the decaying organic matter arising from 
animal and vegetable exhalations. 

Quantitative Calculations By referring to Table D 
(page 43) we find K = 39, Cl = 35 5, O = 16. 

.\KC10 8 = (39 X 1) + (35*5 x 1) + (16 X 3) = 39 + 
35*5 + 48 = 122*5. 

Hence the molecular weight of potassium chlorate = 
122-5. 

By addition we also find that KC1 = 74*5, and since 
O = 16, 0 8 must be equal to 48. 

Therefore we may write equation [2] as follows : — 

Potassium Chlorate Potassium Chloride Oxygen 

v = — v ' + ——••• [2,&w] 

(122*5 parts) (74*5 parts) (48 parts) 

This equation simply states that when sufficient heat is 
applied to potassium chlorate, every 122*5 parts [by weight) 

* This is due to the conversion of the black sulphide PbS by 
oxidation into white sulphate of lead PbSO*. 

f Such action is characteristic of ozone; nitrous and nitric 
acids, however, produce the same change of colour. 
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of the chlorate yield 74*5 parts of potassium chloride and 
48 parts of oxygen gas. If the atomic proportions of the 
elements be taken in grams, then equation [2] further 
asserts that every 122*5 grams of potassium chlorate are 
capable of yielding 74*5 grams of chloride of potassium 
and 48 grams of oxygen. 

Hence we can calculate the weight of oxygen which 
can be obtained from any given weight of potassium 
chlorate ; or, conversely, the weight of potassium chlorate 
required to produce a given weight of oxygen. Thus, for 
example : — 

Let it be required to calculate the weight of oxygen 
which can be obtained from one kilogram of potassium 
chlorate. 

Since 122*5 grams of chlorate yield 48 grams of oxygen, 

48 

1 gram „ yields ” 

48 

.*. 1 kilogram (= 1000 grams) „ x 1000 „ ,, 

48 

Ails. Quantity of oxygen — Jcfifs x 1000 = 3 91*83 grams. 

Conversely, how much chlorate of potassium must be 
used to obtain 1 kilogram of oxygen ? 

Since 48 grams oxygen require 122*5 grams of chlorate, 

122*5 

1 gram ,, requires -jg- „ >* 

122*5 

.*. 1 kilogram (=1000 grams),,- jg- X 1000,, ,, 

] 22*5 

Ans . Quantity of chlorate = 4§ ~ x 4 ^00 •’* 2552 grams. 
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Other Methods of Preparation When oxygen is 
required in large quantities, it is 
more cheaply prepared by expos- 
ing the mineral pyrolusite 
(another name for manganese 
peroxide) MnO a to a strong red 
heat in an iron retort (Fig. 19). 

The manganese refuses, no matter 
how high the temperature be 
raised, to give off more than 
one-third of its oxygen. After all 
the oxygen that can be obtained 
is set free, there is found in the 
retort another oxide of mangane- 
sium, the formula of which is 
Mn 8 0 4 . Hence the decomposition 
of pyrolusite by heat may be 
represented thus : — 

3MnO a - Mn 8 0 4 + O a [3] 

In Table D (page 43) we find Mn 55, and O = 16, 

MnO a - 55 + 32 - 87 
and 3Mn0 2 = 3 X 87 = 261. 

We thus find that 261 parts by weight of manganese 
peroxide are, when sufficiently heated, capable of 
yielding 32 parts (=* 0. 2 ) of oxygen. Hence from every 
261 grams of the manganese oxide used in preparing 
oxygen by this method 32 grams of oxygen may be 
obtained. 

If it be required to calculate the quantity of oxygen 
which can be obtained from a given quantity of man- 
ganese (pyrolusite) ; or, conversely, if we wish to know 
how much manganese oxide is required to produce a 
given quantity of oxygen, we can perform the necessary 
calculations, as follows : — 



Fig. iy. 
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e.g . Let it be required to find how much oxygen can be 
prepared from half a kilogram of pyrolusite. 

Since 261 grams of manganese yield 32 grams of oxygen, 

32 

1 gram „ „ will yield ^ „ 

32 

£ kilogram (- 500 grams) „ 500 » >• 


Ans . — Quantity of oxygen 


go 

261 x 


61-3 grams,. 


Or the problem may be solved by simple proportion, 
thus : — 

Manganese Manganese Oxygen Oxygen 


(261 grams) : (500 grains) ;; (32 grams) : (# grams) 
82 x 500 „ 0 

.. x = — 2^1 * grams oxygen. 

As an example of the converse operation, — Let it be 
required to calculate what quantity of manganese must 
be used to obtain one kilogram of oxygen. 


Since 32 grams of oxygon require 261 grams of manganoso 

, * . 261 
1 gram „ „ requires gg- „ „ 

261 

.*. 1 kilogram (= 1000 grams),, x 1000. 

261 

Ans. — Quantity of manganese = -g-., X 1000 = 8156£ grams. 

Or, it may be found from the equation3MnO a = Mn 3 04 = 0 5 , 
by simple proportion, thus — 

Weight of Oa : given weight :: weight of : required wt. 

of oxygen. 3MnO a of manganese. 


32 
.*. x 


1000 

261 x 1000 

32 


261 

8156J grams. 


Quantity of manganese peroxide =8*15625 kilograms. 
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Other peroxides, such as plumbic peroxide, Pb0 2 , and 
baric peroxide, Ba0 2 , also lose part of their oxygen when 
strongly heated, and are reduced to a lower condition of 
oxidation, as for example Ba0 2 — BaO + 0. 

Oxygen can also be prepared by the action of sulphuric 
acid on manganic peroxide as well as by the action of the 
same acid on potassium anhydro-chromate when heated 
to a definite temperature, the reactions which take place 
being represented by the following equations : — 

2Mn0 2 + 2H 2 S0 4 =- 2MnS0 4 + 2H a O + 0 2 
and 

2K 2 Cr 2 0 7 + 10H 2 S0 4 = 4KHS0 4 + 20r 2 (S0 4 ) 8 -f 8II 2 0 + 30 2 . 

In fact, sulphuric acid itself may be employed as a 
source of oxygen gas, for when the concentrated acid is 
allowed to trickle over bricks heated to bright redness, 
the acid is decomposed into oxygen, sulphurous anhy- 
dride and water vapour. The acid, in fact, undergoes 
dissociation : — 

2H 2 S0 4 - 2H 2 0 + 2S0 2 + 0 2 . 

Oxygen is also produced by the electrolysis of water, and 
as a product of the action of vegetable life on the 
atmosphere. 

SULPHUR. S = 32. 

Sulphur, Selenium, and Tellurium form a group of 
elements resembling oxygen in their chemical relations. 
In their combinations with hydrogen, they play the part 
of dyad elements, although their active atomicities are 
more frequently tetrad and even hexad — as in the 
common oxides of sulphur, S0 2 and S0 8 , respectively. 

This group (termed the sulphur group) exhibit grada- 
tional differences in their atomic weights and specific 
gravities, &c., exactly similar to those which characterise 
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the three members, chlorine, bromine and iodine, of the 
halogen group of elements. 

Sulphur S - 32) 

Selenium Se = 79 79*8 = mean. 
Tellurium Te = 128) 

Occurrence.*— Sulphur is found abundantly in the free 
state in the volcanic districts, more especially in Sicily and 
Iceland. The Sicilian sulphur, which is usually mixed 
with various rocky materials (such as gypsum, limestone, 
marl, and celestine), is largely imported into England 
under the name of native sulphur, or brimstone. 

Native sulphur is freed from its earthly impurities by 
repeated dry distillations or sublimations, the condensed 
vapour being called flowers of sulphur ; it is either stored 
in that state, or melted and cast in cylindrical moulds 
into sticks, called roll sulphur. Besides occurring in the 
native state, sulphur is frequently met with in combina- 
tion with metals, forming an important class of mine 
products termed sulphides, or sulphurets, those of iron 
(FeS. 2 ), copper (CuS 2 ), lead (PbS), and Zinc (ZnS) being 
the most common. It is also found as a constituent of 
the sulphates (or oxidized sulphides), the sulphates of 
calcium (gypsum), barium (heavy spar), magnesium 
(Epsom salt) being of most frequent occurrence. Sulphur 
in minute quantities is present in vegetable and animal 
tissues. 

Properties.— Sulphur is a brittle solid of a lemon yellow 
colour, and it is a non-conductor of heat and electricity. 
It emits a peculiar odour when rubbed with the hand, at 
the same time becoming negatively electrified. It is 

* Selenium and Tellurium are rare elements ; they are only ob- 
tainable in small quantities, and, with the exception of tho recent 
application of selenium in the construction of the jphotophonc , have 
not been largely applied to useful purposes. The chemistry of these 
two elements will therefore be omitted from the present course. 
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tasteless and insoluble in water, it dissolves very slightly 
in alcohol and ether, but readily in the bisulphide of 
carbon. 

Like oxygen, this element affords an example of 
allotropism , but instead of two different states of molecular 
arrangement, sulphur presents three well-known varieties. 
There are two crystalline modifications and one amor- 
phous variety : — 

Crystalline Modifications . — 

Octahedral Sulphur — Specific gravity 2*05 
Prismatic Sulphur — Do. 1*98 

Native sulphur occurs in minute octahedral crystals, as 
well as in an apparently amorphous condition. The 
second crystalline modification (prismatic sulphur) is 
obtained when ordinary roll sulphur is melted, and (while 
cooling slowly the crust which forms on the surface being 
broken open) the liquid sulphur poured out on a slab. 
But the prismatic crystals thus obtained, on exposure to 
the air, are slowly changed into the octahedral variety of 
sulphur, heat being at the same time evolved. 

Amorphous Modification . — 

A third modification of sulphur, or amorphous sulphur , 
is obtained when melted sulphur at about 230° C. is 
suddenly cooled by pouring into cold water. When 
treated thus, sulphur changes into a soft plastic mass of 
an amber brown colour, resembling caoutchouc, and its 
specific gravity is reduced to 1*95. In this state it is in- 
soluble in carbon-disulphide. After the lapse of a short 
time, however, the plastic condition is lost, and the 
sulphur recovers its yellow colour and characteristic 
brittleness, and at the same time the specific gravity 
rises, so that it may be said to return to the prismatic con- 
dition. This change of condition can be brought about 
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suddenly by heating the plastio material to 100° C., when 
the change is accompanied with evolution of heat. 

When united with positive radicles, sulphur is usually 
a dyad element and the analogue of oxygen, as for 


example : — 

Oxides H a O, K a O, KUO, CO a , <fcc. 

Sulphides H a S, K 2 S, KHS, CS a , &c. 


Sulphur inflames at a low temperature, 5 *'' burning with 
a pale blue flame when heated in contact with air or 
oxygen, or any substance such as nitre, which readily 
gives off oxygen — the product being the ordinary dioxide 
of sulphur, S0 2 ; it is this gas which yields the suffocating 
odour when a lucifer match is ignited. 

Sulphur is employed in the arts in the manufacture of 
oil of vitriol, matches, and gunpowder, &c. The fumes of 
burning sulphur act as an effective bleaching agent as 
well as deodorizer and antichlore. 

The following are the more important compounds of 
sulphur with hydrogen and oxygen : — 

Sulphuretted Hydrogen 1I 2 S. 

Sulphurous Anhydride S0 2 . 

Sulphurous Acid H 2 S0 8 (^II 2 0-f S0 2 ). 

Hyposulphurous Acid H 2 S0 2 . 

Sulphuric Anhydride S0 8 . 

Sulphuric Acid Ii 2 S0 4 (= ILO-f SO ;l ). 

Thio- Sulphuric Acid II 2 S0 8 S. 

The sodium salt of the last acid is popularly , though 
wrongly, termed “hyposulphite of soda.” 

* Hence its use in the manufacture of gunpowder ; the composi- 
tion of gunpowder is approximately represented by the formula 
S -f 2KNO a -f C 8 , which, when exploded, is converted into 
K 2 S -f- N a -f- 3C0 2 . 

The sudden production of large volumes of nitrogen and carbon 
dioxide at a high temperature explains the secret of the propulsive 
force of gunpowder. 
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Both HjjS and SO a are known to occur among the gases 
ejected by volcanoes, and by their mutual reaction 
sulphur is deposited, thus : — 

2H a S + SO a = 2H a O + S B . 

This explains the special occurrence of sulphur in 
volcanic districts. 

Sulphur forms two compounds with Hydrogen, Hydrogen Sulphide 
(H a S) and Hydrogen Persulphide (H a S a *). The former only is of 
sufficient importance for notice in a first course of ohemistry. 

Hydrogen sulphide (sulphuretted hydrogen) is usually prepared by 
the action of dilute sulphuric acid on sulphide of iron (ferrous 
sulphide) FeS. 

FeS H a S0 4 -f* Aq = H a S -j- FeS0 4 -j- Aq. 

The gas can be collected over warm water, being rather soluble in 
cold water, forming an acid solution ; or, if a solution of the gas be 
required, it should be passed through a series of Woulfe’s bottles 
containing distilled water. 

This gas, notwithstanding its bad smell, is of great use in Ana- 
lytical Chemistry. As an illustration of its peculiar use in this way 
I will now pass a current of sulphuretted hydrogen through the 
series of five similar tottles, arranged in order to ore you. 



Fig. 20. 


The first bottle contains a solution of copper-sulphate, tne second 
a solution of arsenic, the third a solution of antimony, the fourth a 
salt of lead, and the fifth an alkaline solution of zinc. 

* H 2 S 2 is chiofly interesting as being the analogue of Hydroge n 
peroxide H a O a . It is an unstable oily liquid. 
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The copper compound turns broumish-black t the arsenic yeUow, 
the antimony orange , the lead black, and the zinc white, because 
coloured sulphides of the respective metals are formed. H a S is thus a 
valuable reagent for precipitating metals from solutions of their salts. 

This gas is obtained in a purer condition by acting on antimony 
sulphide with dilute hydrochloric acid and heating the mixture. 

SbjjS;, + GHC1 - 3lI a S + 2SbCl g . 

Prepared from FeS and oil of vitriol it is usually accompanied by 
a small quantity of free hydrogen, and sometimes arseniurotted 
hydrogen. The iron sulphide, l>eing usually artificially prepared by 
molting together iron and sulphur, frequently contains some un- 
combincd iron, which with the acid would give hydrogen gas. Oil 
of vitriol also frequently contains arsenic. Whon nascent hydrogen 
and sulphur vapour are brought together, this compound is formed. 
It is also formed by tho action of zinc on concentrated sulphuric 
acid, lionco an additional reason for diluting this acid in tho 
ordinary method of preparing hydrogen. Sulphuretted hydrogen is 
a highly poisonous gas, and is given off from the sewers of largo 
cities in considerable quantities. Its presence in the atmosphere of 
foul drains and water closets can easily be detected by its blackening 
white blotting paper which has been previously soaked in a solution 
of acetate of lead— the so-called sugar of lead of tho druggists. 

Wo must now content ourselves with manufacturing small quan- 
tities of sulphurous and sulphuric oxides and acids, leaving tho 
study of the remaining sulphur compounds for a future occasion. 

Sulphurous Anhydride (SO.J is obtainod for preparing sulphuric 
acid by burning sulphur in air (S-J-0.j=S0..j) ; or by roasting iron 
pyrites in a current of air : — 

4FeS a -f* HO.j — 8SO a ~b 2Fo. a Oj{. 

For Laboratory purposes it is most easily proparod by heating 
sulphuric acid with copper or mercury : — 

Cu + 2H a S0 4 - SO* + CuS0 4 + 2H a O. 

Tho gas may be washed by passing it through a small quantity of 
water previous to collecting ii< in wator, with which it forms a solu- 
tion of sulphurous acid , having, like carbonic acid, tho hypothetical 
composition H a S0 3 (H a O+SO*). The dry gas is a non-supporter 
of combustion, and is irrespirable ; it is, in fact, sometimes employed 
as a fire extinguisher. Like chlorine it is employed as a bleaching 
agent for straw and woollen goods, the fibre of which would be 
attacked by chlorine. Owing to its great power of combining with 

10 
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oxygen, it is useful as a preventive of fermentation and as a 
disinfectant for sick rooms. 

Sulphuric acid (hydrogen sulphate) is the most important 
compound of sulphur with oxygen and hydrogen. It is the most 
powerful of all the hydrogen salts, or acids. Sulphuric acid is 
manufactured on a large scale in leaden chambers. Sulphur 
dioxide (S0 2 ) is supplied to the chamber in company with steam 
and oxides of nitrogen, which, in the presence of water vapour and 
air act as carriers of oxygen from the air to complote the oxidation 
of the sulphuric anhydride. On a small scale the processes going 
on in the leaden chamber may be imitated as follows : — 



Fig. 21. 


The large globular flask representing the leaden chamber has led 
into it, by glass tubos from the three smaller flasks, water vapour 
(steam), sulphur dioxide and nitroso-nitric anhydride N0 2 (or 
perhaps a mixture of N 2 0 8 and N 2 0 4 ). 

By the joint action of oxygen and steam the sulphurous gas is 
converted into sulphuric acid H 2 S0 4 . 

S0 2 + NO a + H 2 0 = H a S0 4 + NO. 

The nitric oxide (NO) formed takes up fresh oxygen from the air 
and N0 2 is reformed. 

2NO + 0 2 = 2NO a . 

This again meeting with additional sulphurous gas gives up oxygen 
to it, converting it as before into sulphuric acid, which dissolves in 
the excess of water at the bottom of the vessel, and so on keeping 
up these reactions continuously till the process is completed. 
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When sulphur dioxide and oxygen are passed together through a 
red-hot platinum tube (packed with asbestos), the two gases combine 
with the production of suljrii uric anhydride , S0 2 -f 0 — S( ) a , which 
is a white needle-like crystalline solid, which if thrown into water 
hisses like a hot iron quenching, and combines with the water to 
form hydrogen sulphate, S0 8 4- H a O = H a S0 4 . 

Sulphuric acid has a great desire for water, henco it lias a very 
destructive action on organic matter usually causing it to char or 
carbonise. This property may be illustrated by pouring a sufficiency 
of strong sulphuric acid over a syrup of cane sugar, 

CbHjAj - llH./) = C !, 

whon a large mass of carbon will be set five. It is the strongest 
acid known, and expels all othor acids from their combinations. 
It unitos with bases to form Sulphates, some of which are formu- 
lated below — the insolubility of barium, strontium and lead 
sulphates serving as tests for distinguishing this acid from othors. 


Familiar Sulphates. 


Sodic sulphate 
Magnesic sulphate 
Calcic sulphate 

Baric sulphate 

Zincic sulphate 
Cupric sulphate 
Plumbic sulphate 
Ferrous sulphate 
Dipotassic aluminie 
tetrasulphate 
Sodic thiosulphate 


Glauber's salt ! Na 2 S0 4 

Epsom salt ! MgS0 4 

Alabaster, gypsum, sole- ' CaS0 4 
nite, plastor-of-Paris i 
Heavy spar, permanent \ BaS0 4 
white ! 

White vitriol j ZnS0 4 

Blue vitriol 'bluostone) CuS0 4 
Load vitriol I PbS0 4 

Green vitriol, or copperas j FeS0 4 
Common alum | K 2 A1. 2 4S0 4 


Hyposulphite of soda I Na 2 S0 3 S 
(antichlor) j 



CHAPTER XIII. 


HYDROGEN and OXYGEN. 

We shall now revert to some simple experiments with 
combined hydrogen and oxygen, and show that water is 
the result. 

That the inflammability of hydrogen in air is due to 
its powerful affinity for oxygen may be demonstrated 
by the following experiments : — 

I take a very strong gas jar, about the capacity of one 
pint (a soda-water bottle answers the purpose excellently), 
and into this jar I shall presently decant, under the 
water in the pneumatic trough, 2 measures of hydrogen 
and 1 measure of oxygen. I shall then cover the mouth 
of the jar with a ground-glass plate, and place it on the 
table with its mouth upwards. This being done, I take 
the jar in one hand, and, removing the glass-plate, 
apply a lighted taper to its mouth with the other. You 
observe the result : the two gases instantly combine with 
an explosion" accompanied by a loud noise similar to 
the report of a pistol ; in fact it is such a mixture that 
is fired by an electric spark in the apparatus we call 
the ‘ Electric Pistol/ The compound produced by the 
combination of the hydrogen and oxygen in this experi- 
ment is water : this may be proved by exploding the 

* No dangerous consequences result from this explosion if a 
sufficiently strong jar be used ; it is advisable to wrap the jar in a 
towel before applying the lighted taper. A jar of sheet tin may be 
employed with porfect safety. 
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mixture by an electric spark in a strong reservoir 
of glass, such as that used by Cavendish in 1781, 
when the composition of water was first accurately deter- 
mined. The reservoir is first exhausted of air by means 
of an air-pump, and then filled with the mixed gases in 
the proportion of 2 volumes of 
hydrogen to 1 volume of oxygen 
from a transferring jar (see Fig. 22). 

This being done, the stop-cock is 
shut, and the mixture is exploded 
by connecting one of the platinum 
wires which are fixed in the stopper 
with the exterior of a charged 
Leyden jar, and the other with the 
knob : on examining the reservoir 
after the mixture has been fired, the 
gases are found to have completely disappeared, produc- 
ing by their combination a volume of steam which, if 
measured at the same temperature and pressure, would 
be found exactly equal to the two volumes of hydrogen 
used; the steam thus produced is quickly condensed into 
water by the cold and pressure it experiences in the 
reservoir, from which it can be taken and its properties 
examined. If any other proportions of these gases than 
those already mentioned be transferred to this apparatus, 
which goes by the name of ‘ Cavendish’s Eudiometer,* 
on examining its contents after firing the mixture there 
will always be found remaining the exact quantity of the 
particular gas which has been added in excess of the 
aforementioned proportions. 

In the ordinary bottle for generating ^hydrogen, if the 
bent delivery tube be replaced by a loi^g glass tube drawn 
out to a fine point (or, better still, a common brass blow- 
pipe, which should be straightened* the hydrogen may 
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be ignited* at the point of the tube from which it escapes 
into the air (see Fig. 23). If now while the hydrogen is 
burning, I bring a tolerably large bell-shaped £ 
glass jar, perfectly dry and bright, over the 
flame, the surface of the glass (as you per- 
ceive) becomes dimmed, due to the condensa- 
tion of small drops of water by the cold glass. 

By keeping the glass jar cool for a short 
time, I can thus collect a sufficient number 
of drops to satisfy you that it is water that is 
produced by the combustion of hydrogen in 
air. Now, as by Cavendish’s experiment it 
was shown that water is composed of hy- Fig. 5*3. 
drogen and oxygen, it is therefore evident that the 
combustion of hydrogen in air is due to its combination 
with oxygen to form water. 

With the apparatus just described, which is called 
Priestley’s ‘Philosophical Candle,’ a very amusing experi- 
ment may be made by covering the hydrogen flame with 
a thin glass, porcelain or metallic tube open at both ends ; 
when the tube is held in a vertical position and depressed 
sufficiently over the jet, the flame elongates, in conse- 
quence of the draught caused by the tube acting the part 
of a chimney, and a musical sound is produced, which 
varies with the size of the jet, and with the dimensions of 
the tube. This arrangement is sometimes called the 
‘ Chemical Harmonicon.’ The sounds are produced by a 
series of Small explosions, which take place in rapid suc- 
cession in the tube, and which are caused by the hydrogen 
combining with oxygen from the air. These explosions 
set the air in a state of vibration, which it propagates to 
the ear, thereby producing the sensation of sound. 

* The air should be allowed to escape out of the bottle before 
igniting the hydrogen, if not, the mixed gases in the bottle may 
explode with violence sufficient to break it. 
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In all the previous experiments illustrating the great 
affinity of hydrogen for oxygen, whether pure or mixed 
with the nitrogen of the air, heat was applied by means 
of alighted taper or of an electric spark before combination 
commenced; hut once begun, sufficient heat was evolved 
to continue the act of combination. In the year 1824 it 
was discovered by Dobereiner that hydrogen and oxygen 
might be made to combine without the actual application 
of heat, by bringing the mixed gases in contact with 
spongy platinum, i.e . metallic platinum in a very fine 
state of division. Utilising this discovery, Dobereiner 
constructed a lamp (Fig. 24) for giving 
an instantaneous light, in which hydro- 
gen forms the combustible material. The 
hydrogen is developed in the usual way, 
by the action of zinc on hydrogen sul- 
phate, and is allowed to accumulate in 
an inverted glass jar, attached to the 
cover of the outer vessel by means of a 
brass jet and stop-cock. By depressing 
a lever in connection with the stop- 
cock the hydrogen escapes, and impinges 
on a little pellet of spongy platinum, which is placed in a 
brass cap immediately in front of the jet. The hydrogen 
meeting with oxygen in contact with the spongy platinum 
gradually combines with it,* and finally bursts into 
flame, in which a candle or taper may be lighted. This 
apparatus has fallen into disuse since the invention of 
lucifer matches. 

In consequence of the great affinity hydrogen has for 

It has been shown by Liebig that a cubic inch of spongy pla- 
tinum can condense in its pores 800 cubic inches of oxygen. Hence, 
as heat is evolved by the condensation of the volume of a gas, the 
temperature necessary to initiate the combination of the oxygen 
and hydrogen may be evolved in this way. 
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oxygen, it forms a powerful reducing agent , and is 
employed by the analytical chemist for reducing metallic 
oxides to the metallic state. The following experiment 
will illustrate this useful application of hydrogen gas. 

I have selected for this purpose the oxide of copper 
known as the black oxide, it being very unlike the metal 
it contains in combination with its oxygen. The oxide 
is placed in the bulb of a hard German glass tube, called 
a reduction tube, which is made red-hot by applying a 
spirit-lamp to it. By conducting a stream of hydrogen 
from the generating bottle, first through a drying tube 
containing chloride of calcium, and then over the copper 
oxide in the reduction tube (see Fig. 25), the hydrogen 
takes up (combines with) the oxygen it meets with in the 



Fig. 25. 

red-hot black oxide of copper. It is necessary that the 
oxide of copper be maintained at a red heat, since a 
certain temperature is required to determine the com- 
bination of hydrogen and oxygen ; and, besides, heat 
tends to overcome the affinity of the oxygen for the 
copper, inasmuch as it reduces the cohesion between the 
particles of the cupric oxide. 

You observe that the substance in the bulb of the reduc- 
tion tube has changed its original black for its present red 
colour. I shall now remove some of this red stuff from 
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the tube, and let you examine it and satisfy yourselves 
that it is really copper. Under the hammer it burnishes 
like plate copper. 

By collecting the gas that escapes from the open end of 
the reduction tube, it may further be proved that the 
hydrogen has really taken up the oxygen in its passage 
over the oxide of copper, and with it formed water. The 
following equation represents the decomposition of a 
molecule of cupric oxide, with the replacement of its 
copper by hydrogen : — 

Cu"0 + H 2 = R,0 + Cu". 

The two dashes written over the symbol of the copper 
are intended to denote that 1 atom of copper is equivalent 
tn combining power to 2 atoms of hydrogen. 

You must have noticed that the flame of burning hydro- 
gen yields but very little light ;* this, however, is com- 
pensated for by the great amount of heat it evolves. 

A kilogram of hydrogen, in combining with the neces- 
sary quantity of oxygen (8 kilograms) to form water, 
evolves 34,462 thermal units, or degrees of heat, — i.c. 
the quantity of heat developed by the complete combus- 
tion of 1 kilogram of hydrogen in oxygen, is capable of 
raising the temperature of 34,462 kilograms of water 
from 0° C. to 1° C. By converting these units of heat into 
units of ivork we will gain some idea of the enormous 
amount of force produced by cJmnical action. The 
mechanical equivalent of a unit of heat being 424 kilo- 
gram-meters, each unit of heat developed by the combus- 
tion of hydrogen in oxygen is capable of doing 421 units 
of work, and therefore 34,462 units of heat are capable 
of performing 424 x 34,462 = 14,611,888 units of work, — 
i.e. upwards of 14J millions of kilograms raised through 
a height of one meter. 

* Perfectly pure hydrogen burns with a pale reddish-brown flann*. 
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If the combustion of a kilogram of hydrogen in oxygen 
be assumed to occupy a second of time , the work produced 
by the combination of one kilogram of hydrogen with 8 
kilograms of oxygen would be equivalent to 

14,611,888 QOK rr n 
— =194,825 Horse Power , 

or, in other words, the force stored up in a kilogram of 
hydrogen gas is, very nearly, equivalent to the combined 
strength of two hundred thousand horses. 

This calculation gives a fair idea of the strength of 
the chemical force, since the strength of the chemical 
attraction between any two substances is proportional to 
the quantity of heat evolved by their combination, or 
(which is found to be the same) to that needed to separate 
them from combination. 

If hydrogen and oxygen be mixed together in the pro- 
portion of two volumes of hydrogen to one volume of 
oxygen, and the mixture ignited while escaping from a 
capillary tube, they yield the most intense heat at present 
obtainable by chemical action ; it is only exceeded by 
the heat of the electric lamp and by that of the sun's rays 
when concentrated by a powerful lens. The heat pro- 
duced is suflicient to fuse platinum and silica, and even to 
convert some very refractory solid substances into the 
gaseous state. Such a mixture is used in the apparatus 
called the oxy-hydrogen blowpipe. The oxy-hydrogen 
flame may be produced without the use of this expensive 
but safer apparatus, as follows : — 

I light the I * * 4 Philosophical Candle/ and, having filled a 

bladder which has been fitted with a brass jet and stop- 

cock with oxygen, I place it on a block of wood in such a 

position that the jet attached to the bladder may be on a 




Fig. 26. 


Now by gently pressing the bladder with my hand the 
oxygen is forced out of the brass jet, and it blows the 
hydrogen flame in a horizontal direction. 


The flame, you observe, gives scarcely any light, but 
that it evolves intense heat is manifested by its melting 
this piece of platinum wire, — since platinum requires 
higher temperature to melt it than any other metal does. 

That the presence of an incandescent solid in ilame 
increases its power of evolving light, is well exemplified 
by holding a piece of lime in this flame ; the lime, 
becoming incandescent, emits a most dazzling bright light. 
A light of this kind was first employed during the 
Trigonometrical Survey of Ireland, by Captain Drum- 
mond, for making observations with the Theodolite at 
long distances; it is now much used for illuminating 
microscopic objects and magic-lantern slides, &c., under 
the name of the oxy -hydrogen lime-light, with an exhibi- 
tion of which I shall conclude this lecture. 


CHAPTER XIV. 


WATER. 

Molecule, H 2 0 - 18 ; Density — 9. 

Occurrence.— The modes of occurrence of water are so 
well known to every one as scarcely to need description. 
It occurs in a tolerably pure state in the rain and snow 
that fall in the open country far away from large towns. 
Ice is, almost invariably, pure water in the solid form. 
Most of the waters we meet with on the surface of the 
globe contain various foreign substances in solution. 
These substances, though not chemically combined with 
the components of the water in which they are dissolved, 
impart to it various qualities, such as softness, hardness, 
medicinal properties, &c. The chemistry of such waters, 
however, may be advantageously postponed till we have 
learned something about those subdances to the presence 
of which (in solution) are due the qualities in question. 

Purification.— For chemical purposes pure water must 
be employed : it 
is usually pre- 
pared by distill- 
ing ordinary (im- 
pure) water. The 
process of distil- 
lation is exhibited 
on a small scale 
by boiling water 
in a retort, the 
neck of which 
passes into a re- 
ceiver (see Fig. 

27). The receiver 
is kept cool by being placed in a vessel of cold 
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water, while continued drops of cold water are allowed to 
fall on it from a cis- 
tern standing above. 

The steam passes into 
the receiver, where 
it is condensed into 
water, by the loss of 
its latent heat. The 
cold water in the r 
basin absorbs the heat Fig. 28. 

from the steam, and thereby becomes warm itself, for 
which reason it is necessary to 
have the condensing water renewed 
by a stream of drops from a cistern 
of cold water. 

When pure water is required in 
larger quantities, a copper still and 
condenser (Fig. 28) are used. 

Rain water collected in the country 
may sometimes be had pure enough 
for chemical experiments. 

Composition— Formation : — That 
water is composed of hydrogen and 
oxygen has already been demon- 
strated in considering one of the 
properties of hydrogen, viz. its 
great affinity for oxygen. An 
experiment in confirmation of this 
statement, however, will not be 
without instruction. If a tolerably 
large metallic ball be held thus 
(Fig. 29) over a jet of burning 
hydrogen for a few seconds, 
water will be formed by the con- "" — 
densation of the water-gas pro- Fig. 29. 
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duced by the combination of the hydrogen with the 
oxygen of the air. A drop of water, as you may now 
observe, hangs from the lowest point of the surface of the 
ball. The steam parts with its latent heat to the cold 
metallic ball, and is thus reduced to the liquid state. 

We have already noticed that when dry hydrogen was 
passed over a black substance, which was known to 
contain two elements only, namely, copper and oxygen 
(CuO) the copper alone was left, the oxygen having com- 
bined with the hydrogen to form water. 

Cavendish has taught us that water is produced by 
exploding (by means of an electric spark) a mixture of 
oxygen and hydrogen in his Eudiometer. His experi- 
ment has also taught us that when these gases were 
mixed in the proportion of two volumes of hydrogen to 
one volume of oxygen, nothing but water remained in the 
reservoir after they were exploded. We are thus led 
to conclude that water is composed of two volumes of 
hydrogen and one volume of oxygen. It was in this 
manner, that is, by the method of synthesis , that the 
composition of water was first determined (so late as a.d. 
1781) by Cavendish, who weighed the glass reservoir 
before and after the explosions, and thus found that the 
weight of the water produced was exactly the same as 
that of the mixed gases which combined to produce it. 

Since the time of Cavendish the composition of water 
has been determined, both analytically and synthetically , 
by numerous and exact experiments, which result in a 
confirmation of the original conclusion of Cavendish, 
namely, that water is composed of hydrogen and oxygen 
in the proportion of two volumes of the former to one of 
the latter. It will be interesting and instructive to verify 
this statement by the following experiment : — 
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We may analyse water by means of the electric current. 
For this purpose I half fill this glass vessel (Fig. 30) with 
water, which has been acidulated with about 
one-tenth of its volume of hydrogen sulphate 
(sulphuric acid). The acid enables the water 
to conduct the electric current better than 
it otherwise would. The graduated tubes, 
being also filled with the acidulated water, 
are inverted over the two small platinum 
plates, which you see in this glass vessel. 

These platinum plates are connected with 
platinum wires which pass through the 
bottom of the vessel. I now bring the 
platinum wires into contact with the 
terminal wires of a galvanic battery (three or four cells of 
Grove’s are sufficient), and notice that an evolution of gas 
takes place from the surface of each of the platinum plates. 
I shall presently prove (by immersing a lighted taper in 
each tube) that it is oxygen that is collecting in the tube 
which stands over the plate in connection with the 
platinum or positive end of the battery, and hydrogen that 
is collecting in the tube which stands over the plate in 
connection with the zinc or negative end of the battery. 
One of the tubes being now nearly filled with gas, I stop 
the decomposition of the water by breaking the contact 
of the platinum plates with the terminal wires of the 
battery. You observe now that the volume occupied by 
the gas in one tube is about double that occupied by the 
gas in the other. It should be exactly double were 
oxygen and hydrogen equally soluble in water. Oxygen 
is about 1 per cent, more soluble in water than hydrogen, 
hence the bulk of hydrogen obtained in this experiment 
proves to be a fraction more than double that ol the 
oxygen. 

Let us now examine the properties of the gases con- 



Fig. 30. 
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tained in these two tubes. The taper, you observe, is 
extinguished by the gas which occupies the larger bulk ; 
the gas itself, however, bums at its surface of contact 
with the air, consequently (having already satisfied our- 
selves by many previous experiments that water contains 
nothing else besides oxygen and hydrogen) this is the 
hydrogen. Into the other gas I plunge a glowing-red 
chip of wood. You notice that it bursts into flame. 
The taper is not extinguished by it, but burns with greater 
brilliancy. Mixed with hydrogen it burns with an 
explosion when a light is presented to it. Hence we may 
say that this gas ( i.e . the one having the smaller volume) 
is the oxygen. This experiment, therefore, teaches us — 
due allowance being made for the greater solubility of 
oxygen — that water is composed of two volumes of 
hydrogen united with one volume of oxygen. 

This conclusion may be confirmed by a synthetical experi- 
ment. The apparatus to be used (a modification of that 
used by Cavendish) is called a Eudiometer, and consists of 
a graduated glass tube, into one end of which are melted 
two platinum wires (see Fig. 31). The tube 
must first be filled with mercury, and then in- 
verted in along narrow jar, or mercurial trough, 
filled with the same metal. Hydrogen may now 
be admitted into the tube. I shall admit 50 
measures of it. Now I shall admit any quantity 
of oxygen you please : let us say 50 measures 
also. Here, then, I have got in this tube 50 
volumes of hydrogen and 50 volumes of oxygen, 
or in other words, these gases are mixed together 
in equal proportions. I must now ask you Fig. 31. 
carefully to notice the volume of the gas remaining after 
I have passed an electric spark through the mixture. 
Connecting one of the platinum wires with the outer 
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ooating of a charged Leyden jar, and approaching the 
knob to the other wire, the spark now passes, and the 
mixture, you observe, is suddenly exploded with the 
production of flame, which is evidence that combination 
has taken place. The bottom of the eudiometer tube, 
which rests on a caoutchouc pad, may now be opened, so 
as to admit the mercury. This being done, the mercury 
rises rapidly into the tube, and, as yon may now perceive, 
comes to a standstill about the graduated mark 25. Hence 
we have left of the 100 volumes of the mixture only 25 
volumes of gas. That this residual gas is oxygen is easily 
shown by its power of supporting (without exploding) the 
combustion of a glowing chip of wood, &c. The water 
produced is deposited like dew on the Bides of the tube, 
and occupies about ^gth part of the volume occupied by 
its components ; we may, therefore, neglect it in measur- 
ing the volume of the residual gas. We thus see that 50 
volumes of hydrogen require exactly 25 volumes (or half 
its own bulk) of oxygen in order to burn it completely ; 
we may, therefore, conclude that any quantity of water 
is composed of a certain quantity of hydrogen united to 
half its own bulk of oxygen. Water is formed whenever 
any compound containing hydrogen is burned in oxygen 
or air ; and it most frequently happens that the other 
elements which are in combination with the hydrogen 
become oxidised at the same time. The combustion of 
Marsh gas (CH 4 ), for example, in oxygen may be repre- 
sented thus — 

CH 4 -f- 20 2 = CO* -j- 2H 2 0 

Sulphuretted hydrogen likewise when burned in oxygen 
yields sulphurous anhydride and water, thus — 

2H a S + 30 2 - 2SO a + 2H 2 0 

Water occurs as a secondary product in numerous 

11 
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chemical reactions, as in the case of the action of acids 
on metallic hydrates — 

KHO + HC1- KCl + H a O 
Ca(HO) 2 + H 2 S0 4 CaS0 4 -f- 2H a O 
Ca(HO) a + C0 2 - CaC0 8 + H a O.* 

Water is likewise formed when certain metallic oxides 
are heated in a current of hydrogen gas. Thus cupric 
oxide, when heated with hydrogen, yields water and 
metallic copper, 

CuO + H a - Cu + H a O, 

a reaction which provides a simple method for determin- 
ing the gravimetric , as distinguished from the volumetric, 
composition of water. 

From the composition of water by volume we can 
deduce its composition by weight; for since oxygen is 
sixteen times as heavy as hydrogen, bulk for bulk, and 
Bince they combine to form water in the proportion of 2 
volumes of hydrogen to 1 volume of oxygen, therefore 
the proportions by weight in which they combine are as 
2 to 16. Hence, since the atomic weight of hydrogen = 1, 
and that of oxygen ==* 16, each molecule of water may be 
represented as composed of 2 atoms of hydrogen and 1 
atom of oxygen, which fact is more concisely expressed 
by the formula H 2 0. 

That the proportion by weight of the hydrogen to the 
oxygen in water is correctly represented by 2 : 16, may 
further be proved by repeating the experiment of reduc- 
ing cupric oxide with hydrogen. If we take a known 
weight of copper oxide and heat it to redness in the 
presence of an atmosphere of dry hydrogen gas, after a 
little time all the oxygen will have combined with 
hydrogen to form water : by collecting and weighing all 

* This reaction explains the 1 setting ’ and * hardening * of 
mortar, as well as the dampness of recently-plastered rooms. 
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the water formed, and deducting the weight of the oxygen 
(i.e. the loss in weight of the copper oxide) from that of 
the water, the remainder will be the weight of the hydro- 
gen which has entered into combination with the oxygen, 
the weight of which is known from the loss in weight of 
the oxide of copper. In this experiment the water which 
is formed is usually collected by being conducted into a 
tube packed with fragments of chloride of calcium (as in 
Fig. 25), by which it is absorbed ; and the increase in the 
weight of this tube is evidently the weight of the water 
produced by the combination of the oxygen of the copper 
oxide with hydrogen ; the excess of hydrogen is allowed 
to escape into the air. 

If a be the weight of the reduction tube and the oxide 
of copper it contains ; and a' be the weight of the tube 
and copper when the oxide is completely reduced ; if, too, 
c and c' be the combined weights of the chloride of 
calcium tube and its contents at the commencement and 
termination of the experiment, respectively, the quantity 
of water formed will evidently be c ' — c ; from this sub- 
tracting the oxygen (which is represented by a — a') we 
get the hydrogen to be ( c' — c) — (a — a'). 

When the necessary weighings, &c., are performed with 
accuracy, the ratio of (c f — c) — ( a — a') to a — a ' is found to 
be as 1 to 8, which is the same as 2 : 16. 

Dumas, who made a number of very accurate experi- 
ments in the manner I have just described, has found 
that in 100 parts by weight of water there are— 

of Oxygen 88 '8889} P^ts by weight. 

These numbers are plainly in the proportion of 1 : 8, or 
2 : 16, which are those already deduced from the known 
volumetric composition of water-gas. 
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Properties.— Water, though most commonly met with 
in the form of a liquid, is capable of assuming both the 
solid and gaseous conditions. 

Hydrogen is one of the most inflammable substances in 
Nature, yet water cannot be set on fire ; oxygen, on the 
other hand, causes bodies to burn with great brilliancy, 
whilst water extinguishes combustion. Water thus affords 
a most striking illustration of the fact that compound 
bodies possess properties different from those of their 
components. 

When tolerably pure, water presents a bluish-green 
colour to the eye, especially when seen in large quanti- 
ties, such as the waters of the 1 deep blue sea/ In 
muddy waters this colour is not visible. The lakes of 
Switzerland are remarkable for the blue colour of their 
waters.* Ice, too, exhibits the same colour when seen in 
large masses, such as glaciers, icebergs, &c. Pure water 
is tasteless and odourless. 

Water is slightly compressible. Oersted has found its 
compressibility to be proportional to the compressing 
force, and for an increase of pressure equal to one 
atmosphere to be fifty -three-millionths ( 1|0 ^ qoo) of its bulk. 
It is also elastic, for when the pressure is removed it 
returns to its original bulk. 

All gases are soluble in water to a greater or less 
extent : increase in the temperature of the water is 
generally accompanied by a decrease in the amount of 
gas dissolved ; for example, 100 volumes of water at 0° C. 
will dissolve 4 volumes of oxygen, while the same water 
at 15 °*5 0. (60° F.) is capable of dissolving only B volumes 
of oxygen. 

* Professor Tyndall appears to have shown that the blue colour 
of water, as well as that of the atmosphere, is due to the effect on 
light of the minute particles of dust held in mechanical suspension. 
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When gases are mixed together mechanically, the 
quantity of each gas which will dissolve in water is 
dependent on its proportion in the mixture and its rate 
of solubility (co-efficient of absorption) : thus when air is 
dissolved in water about one-third of the dissolved air is 
found to be oxygen, and two-thirds nitrogen.* 

Water absorbs the same volume of gas in the condensed 
state as of gas under the ordinary atmospheric pressure ; 
the condensed gas, however, escapes when the excess of 
pressure is removed — a bottle of soda or aerated water 
presents a familiar illustration. 

The elements of water enter into combination with 
numerous substances, and bodies of which they form 
essential ingredients are frequently termed hydrates. 
Calcium oxide (quicklime) when brought into contact with 
water combines with it with great violence, exhibiting 
phenomena somewhat like those of combustion (such as 
evolution of heat, &c.). The compound thus formed, 
commonly known as slaked lime, is calcium hydrate, 
CaOH 2 0, or CaH 2 0 2 , or Ca(HO) 2 . 

Water combines directly (as water) with many salts, 
from which it can be driven off by heat. Water thus 
combined appears to impart to some salts the property of 
forming crystals of a distinct geometric form. It is hence 
termed water of crystallization . Thus a molecule of 
calcium sulphate (sulphate of lime) combines with two 
molecules of water, CaS0 4 + 2H 2 0 = CaS0 4 , 2H 2 0. It 
is for this that Plaster of Paris, sets when wet with 

water. y 

Some salts combine w th several proportions of water 
and retain its successive molecules with different degrees of 
force. Thus crystallised magnesium sulphate (or Epsom 

* This fact is used p-yOLn argument to prove that the atmosphere 
is a mechanical mix*r j, and not a chemical compound. 
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salts), MgS0 4 . 7H a O, may be converted by exposure 
over strong hydrogen sulphate into MgS0 4 , 2H a O; by 
heating to 130° C. it is converted into MgS0 4 . H a O* ; 
and the whole of the water is driven off by exposure of 
the original crystals to a temperature of 210° C. 

The effects of heat on water, being in some respects 
peculiar, are particularly worthy of attention. 

If we take a certain weight of water (a kilogram for in- 
stance), and measure its volume at 0° C., and if while 
gradually heating the water its volume be measured from 
time to time, it will be found that the volume of the 
water becomes less and less till its temperature arrives at 
4° C. ; or in other words, water contracts in bulk, while 
its temperature is being raised from 0° C. to 4° C.; it thus 
forms a remarkable exception to the general law that 
bodies expand by increase of temperature ; above 4° C. 
water follows the general law of expansion and contrac- 
tion by increments and decrements of temperature 
respectively, but between the limits 0° and 4° it behaves 
in exactly the opposite manner, i.e. it contracts for 
increments and expands for decrements of temperature— 
for on cooling from 4° to 0° it expands and regains its 
original volume. As the same weight of water occupies 
a less volume at 4° C. than at 0° C., it follows that water 
is more dense at the former than at the latter tempera- 
ture ; and, since it obeys the general law of expansion for 
all temperatures between 4°C. and 100° C., it is plain tba+ 
water is most dense at the tempec&Vare 4° C. Watt 
therefore, has a point of maximum density , and the tem 
perature corresponding to its dsiaximum density is 4° C 
Hence, a given volume of waiter weighs more when 
measured off at 4°C. than when measured off at any other 

* This last molecule of water, being motfe firmly retained than the 
others, is termed constituent water . 
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temperature; on the other hand, a given weight occupies 
a smaller volume at 4° C. than at any other temperature. 
Although the amount by which water contracts when 
heated from 0° G. to 4°C. is very small (a liter at 0° becomes 
•99988 of a liter at 4° C.), it still has a wonderful influence 
on the economy of Nature. It is by reason of this 
apparently trifling property that the waters of the 
temperate regions are not converted into ice by the cold 
of winter. * In winter the temperature of lakes and 
rivers falls from being in contact with the cold air, and 
from other causes, such as radiation. The colder water 
sinks to the bottom, and a continual series of currents 
goes on until the whole has a temperature of 4° C. The 
cooling on the surface still continues, but the cooled 
layers, being lighter, remain on the surface, and 
ultimately freeze. The ice formed thus protects the 
water below, which remains at a temperature of 4° C., 
even in the most severe winters, — a temperature at 
which fishes and other inhabitants of the waters are not 
destroyed.’* 

The weight of a liter of water measured off at 4° C. is 
one kilogram = 1000 grams. 

At 62° F. = 16f° C. an (English) imperial gallon of 
water weighs 10 lbs., or 70,000 grains, but a gallon filled 
with water at 4° C. (39*2 F.) contains 7 grains more, or 
weighs 70,007 grains. 

When water is cooled down to0° C. it begins to freeze, 
aw j:' .tVio. samep^jme to give out heat. The heat it 
evolves during sw^ification may be collected and 
measured by allowing it to be absorbed by other sub- 
stances, the temperature of which is below the freezing 
point of water. The/amount of heat given up by a 
kilogram of water at 0° in becoming ice is (as you are 
already aware) capable of raising the temperature of 80 
.^r * Gauot’s Physics. 
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kilograms of water from 0° to 1° C., or the latent heat of 
ice ss 80 units. Other substances, also, evolve heat on 
passing from the liquid to the solid state. By a simple 
experiment this fact may be made manifest to the senses. 

Here is a solution of Glauber’s salt (sulphate of soda) ; 
it is hot, and is what chemists call a saturated solution , 
i.e. it contains as much of the salt in solution as the 
quantity of water is capable of dissolving at its present 
temperature. By allowing this to cool gradually while 
it is at rest (or undisturbed) it remains liquid, but if it 
then be poured over the bulb of a thermometer, the 
thermometer will exhibit a sudden rise of temperature, 
while a great portion of the solution will become solid. 
Water may be cooled down considerably below 0° C. with- 
out becoming ice by keeping it perfectly still, but if at all 
disturbed it suddenly becomes a mass of ice, and its 
temperature instantly rises to 0° C. It is a curious fact 
that water is specifically heavier in the liquid than in the 
solid state ; the weight of a cubic centimeter of water at 
4° C. is 1 gram, while a cubic centimeter of ice weighs 
only *94 of a gram. Hence the specific gravity of ice 
(referred to water, at its maximum density, as unity) is -94. 

As a consequence of its peculiar behaviour between the 
temperatures 0° C. and 4° C., water, while expanding in 
the act of freezing (i.e, in entering into the solid state), 
possesses enormous power ; by its sudden expansion it 
produces force sufficient to tear asunder the stron^es* 
materials, such as iron, stone, &c. * ^ Iron tu*\ 

used for water-pipes have, over an<^ Yer aga in, been toi. 
asunder by the water they contair ^ av i n g been converted 
into ice. Rocks of all ages are yea^ a f ter y ear being split 
asunder from the rain water beet m [ n g frozen in their 
crevices. 

Frost is thus one of the great agents to Hie action of which 
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the Geologist refers many important physical changes 
which our earth has undergone in the course of time. 

As water in becoming ice gives out a certain quantity of 
heat, so ice in becoming water absorbs an equivalent 
amount ; and for this reason the air feels warmer in frosty 
weather than during a thaw. 

The freezing point of pure water, or rather the melting 
point of ice, is constant , — it never varies from 0° C. ; it is, 
however, lowered by the presence of dissolved salts in the 
water. It is remarkable that no matter what salts may 
be dissolved in water, they separate, almost completely, 
from it when it becomes ice. Ice is, therefore, pure 
(solid) water. The presence of salts in solution has the 
effect of lowering the temperature corresponding to the 
maximum density. The point of maximum density of 
sea water, for example, is lower than that of fresh, and is 
even below 0° C. 

I have said, before, that water obeys the ordinary laws 
of expansion and contraction between the temperatures 
4° C. and 100° C. Let us now consider the effects of heat 
on it when at the temperature 100° C. When water is 
heated in an open vessel up to 100° C. (the barometer 
standing at 760 m.m.), it enters into ebullition , or, in 
other words, it begins to boil ; if the heating action be 
now continued, the water gets no hotter, i.e . its tempera- 
ture does not increase — a thermometer standing in the 
water still reads 100° C.; heat, however, is being imparted 
amth^ water, wit^r^it affecting the thermometer. The 
eyjat thus lmpari^u^ termed latent heat ; it is not true 
imat it has no effect ou the water, although it is insensible 
to the thermometer ; for by its aid the water is gradually 
converted into steam^and the heat imparted, over and 
above that required tfo bring the water to boil, is stored up 
in the steam, from which it can be obtained back again by 
merely condensing the steam so formed into water at 100°. 
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A kilogram of water at 100° 0. requires for its conversion 
into steam at the same temperature 537 thermal units, or 
degrees of heat. Hence the latent, or constituent, heat of 
steam is said to be 537. 

If water be heated in an iron boiler provided with an 
escape pipe and safety valve, the steam being allowed to 
pass by the escape-pipe into a condenser exhausted of 
air — the steam thus escapes into empty space — and the 
valve be loaded with a weight equivalent to 1*0333 kilo- 
gram per square centimeter,* the water will be found to 
boil when its temperature reaches 100° C., that is, when 
the steam produced has sufficient elastic force (or tensioti) 
to lift the valve, and thereby escape through the pipe 
into the empty condenser. 

By increasing the weight on the valve, the temperature 
at which the water enters into ebullition is increased too : 
thus, if the weight on the valve be doubled the water re- 
fuses to boil till its temperature is raised to 120° C.; and 
further, increase of pressure increases the temperature at 
which ebullition takes place, while, on the other hand, 
diminution of pressure diminishes the temperature of 
ebullition.! 

Here is a flask of boiling water : I cork it well whilst it 
is still boiling, and by removing it 
from the source of heat I stop its 
ebullition. The flask now contains a 
small quantity of water, and the re- 
mainder of it is filled with the vapo vr l{J 
of water. If now I condense ? 
vapour, by pouring cold water on 
neck of the flask (see Fig. 32), I tvir* 
remove the pressure from the surf ter ; s 

' V t0 

* The standard atmospheric pressure (760 1,x nfog ^ 

1*0883 kilogram per square centimeter of surh * thereon of 

f Advantage is taken of this fact in determ, 
mountains by means of the boiling point of wate. 
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of the water, which, you see, again boils, and even more 
briskly than before. 

It is, therefore, evident that the temperature at which 
water boils is connected with the pressure on its surface.* 

As water may be made to boil at almost any required 
temperature, it is necessary to fix on some temperature as 
a standard ; that chosen is the temperature correspond- 
ing to the ordinary pressure of the atmosphere at sea- 
level, viz. 760 m.m. of mercury. We may, therefore, 
define the boiling point of water as follows : — 

The boiling point of water is the temperature at which 
the elastic force , or tension , of its vapour is equal to the 
standard atmospheric pressure o/760 m.m . of mercury — or 
l f *0333 kilogram per square centimeter. The temperature 
- at which the elastic force of the vapour of water is 
equivalent to the pressure 1*0333 kilogram per square 
centimeter has already been shown to be 100° C. 

Water, although most rapidly converted into vapour at 
the boiling point (the vapour is then called steam), gives 
off vapour at all temperatures above zero, and by making 
suitable arrangements for absorbing this vapour as fast as 
it is produced, water may be frozen by its own evaporation, t 
The vapour given off takes its constituent heat from the 
water, and the rapid abstraction of heat finally freezes it. 
Wollaston's Cryophorus and Carre’s Ice Machine are well 
known arrangements for freezing water by evaporation. 

An important property of water, which I had almost 
forgotten to mention, is its great capacity for heat. With 
the exception of hydrogen , its specific heat is higher than 

* Water boils when the elastic force of its vapour is equal to the 
pressure on its surface. 

f When the elastic force, or tension, of the vapour of water is less 
than the pressure on its surface, vapour is given off only at the sur- 
face, and the process is then called evaporation. 
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that of any other known substance, or in other words 
(hydrogen excepted) it is more difficult to heat or to cool 
a given quantity of water than the same quantity of any 
other body. Water is, therefore, admirably adapted for 
cooking and other purposes where heat is required to be 
retained for a considerable length of time. 

Water is a neutral oxide, i.e. it has neither acid nor 
basic action on litmus paper. It converts metallic oxides 
into hydrates, as — 

Na 2 0 + H 2 0 = 2NaHO, 
and Ba0+H 2 0 = Ba(H0) 2 
+ 3H a O = Fe 2 (HO) 0 

while it transforms anhydrides into acids, as, for example, 
N 2 O e + IT a O = 2(HN0 8 ) nitric acid. 

P 2 0 6 + 3H 2 0 = 2(H 8 P0 4 ) phosphoric acid. 

SO* + H 2 0 = H 2 S0 4 sulphuric acid. 

Water probably unites molecularly with some bodies to form 
certain kinds of hydrated compounds termed aquates, such 
as the alums and other crystallized bodies containing 
water of crystallization. 

Hydrogen Peroxide — Oxidised Water : — a remarkable 
substance known as peroxide of hydrogen, or hydroxyl , 
was discovered by Thenard in 1818 : its molecule is 
represented by the formula II 2 0 2 or (HO) 2 ; and its 
semimolecule (HO) is regarded as an important com- 
pound radicle * A dilute solution of hydroxyl may be 
prepared by passing a current of carbonic anhydride 
(C0 2 ) through water containing barium peroxidet held in 
suspension. 

* The radicle HO, sometimes for convenience written Ho is an 
important factor , if I may so call it, in the molecular formulae of 
many compounds, more especially so in the case of organic bodies, 
thus hydroxylamine (NH 2 HO) is regarded as ammonia in which 
one atom of hydrogen is replaced by the group hydroxyl HO. 

f The barium peroxide is obtained by passing oxygen gas over 
barium oxide (BaO) heated to redness in a porcelain tube. 
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PSiOg -j- COj HgO ■“ HgOg -{- B&COj. 

The HA dissolves in the excess of water, and the 
solution is concentrated by evaporation over oil of vitriol 
into a syrupy liquid of peculiar odour. This liquid is 
readily decomposed into water and free oxygen; the 
decomposition takes place even at so low a temperature 
as 20° C.; it is therefore not easily obtained in a warm 
climate. 

2(HA) - 2(H 2 0) + 0,. 

Like chlorine it acts as a powerful bleaching agent ; 
and like ozone it will oxidize the black sulphide of lead 
(PbS) into white sulphate. 

PbS + 4(HA) - PbS0 4 + 4H,0. 

A solution of hydrogen peroxide is sold as a hair -wash ; 
£/nas the effect of turning dark-coloured hair to a golden 
/❖•llow hue. 

I «v 

Water possesses the power of dissolving many substances, solid, 
liquid and gaseous. The solvent power of water differs for different 
bodies; and a knowledge of the degree of solubility of bodies in 
water is of great value in the study of Analytical Chemistry. (See 
Table H. Chapter X.) 

A pound of cold water will dissolve 2 lbs. of sugar or 2 ozs. of salt 
or 8 grains of lime. The solvent power generally increases with 
increase of temperature ; thus boiling water will dissolve 16 times 
more saltpetre than ice-cold water ; but as an exception to this rulo, 
iced water dissolves twice as much lime as boiling water. 

When the foreign matters dissolved in a water are present in 
sufficient quantity to impart a peculiar taste or smell, the water is 
called a mineral water . There are many varieties of mineral 
waters : the saline, as sea water and the water of saline springs ; the 
alkaline, as the waters of Vichy; the acidulous, containing freo 
carbonic acid ; the sulphurous, containing sulphuretted hydrogen in 
solution as at Harrogate ; the chalybeate , containing salts of iron 
in solution ; and siliceous*-^ waters. 


* The Geysers of Iceland and New Zealand contain silica in 
solution. 
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Waters containing calcium and magnesium salts in solution are 
termed hard waters , and when such waters are used for washing 
purposes they waste a quantity of the soap before they allow it to 
produce a lather (or suds) — owing to the stearic acid of the soap 
forming insoluble stearates with the bases lime and magnesia. 

Hard waters may be divided into two classes, namely, temporarily 
hard and permanently hard water. 

Calcium carbonate (CaC0 8 ) and Magnesium carbonate (MgC0 8 ), 
held in solution by COa dissolved from the air, cause what is known 
as temporary hardness , as it may be removed by boiling. On boiling, 
COa gas is driven off, and then the originally dissolvod calcium 
carbonate, becoming insoluble, precipitates. In this way the fur of 
kettles and scale in boilers are deposited. 

Ordinary well-waters contain smallor quantities of mineral salts 
in solution than the true mineral waters. The nature of the salts 
contained in well-waters depends entirely on the nature and 
solubility of the constituents of the rocks in which the wells are 
sunk. 

Wells in large towns or in the immediate neighbourhood 
dunghills or cesspools are frequently contaminated by sewage, which 
during slow oxidation is partly converted into nitrites and nitrates. 
Hence the presence of nitrites, or an abnormal proportion of 
saltpetre, in a water may bo regarded as evidence of probable sewage 
contamination. 

Temporary hard waters are now softened on a large scale in water 
reservoirs, &c., by the addition of lime-water * by which means 
the newly-formed lime carbonate is precipitated along with the 
carbonates (which were previously held in solution by the COa) 
now precipitated with the added lime. This is known as Clark’s 
process. 

Waters are said to be permanently hard when they cannot be 
softened by boiling or by the addition of lime-water ; such waters 
usually contain sulphates and chlorides of calcium and magne- 
sium, &c. 

The addition of sodium carbonate (Na 2 C0 8 ) has the effect of 
precipitating the earth bases contained in a hard water, while it 
replaces the salts of calcium and magnesium by corresponding 
salts of sodium, which do not waste the soap. 

Very soft waters are capable of dissolving lead hydrate , which is 


* Milk of lime is generally employed when large quantities of 
water have to be dealt with. 
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formed on the surface of lead pipes and cisterns exposed to the 
action of the air. Hence, lead salts being poisonous, it is unsafe 
to store soft water in lead cisterns, or to use lead pipes for its con- 
veyance. 

In mining districts salts of copper and arsenic are sometimes 
found occurring in the natural waters of the district. 

Waters may, therefore, become so polluted as to be unfit for 
drinking and cooking purposes. 

The amount of solid matters (chiefly salt) contained in sea water 
is, practically speaking, very constant at considerable distances 
from land surfaces. The average quantity of solids amounts to 
about 36 grams per liter of water — the relative density of sea water 
is 1*03. 

The greater portion of the calcium and magnesium carbonates and 
silica thrown into the sea by rivers is used up by marine animals 
and plants in building up their shells and skeletons. 
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NITROGEN. 

N = 14 ; Density = 14. 

Nitrogen was discovered by Rutherford in 1772, in the 
atmosphere, as a substance incapable of supporting life 
or combustion. Chaptal called it nitrogen , in conse- 
quence of its being an element of nitre f and Lavoisier 
gave it the name azote* from its inability to support 
respiration. 

Occurrence.— It constitutes about four-fifths of the bulk 
of atmospheric air ; occurs in saltpetre, or nitre t from 
whence it derives its name ( nitre-producer ), in coal, and 
as an essential ingredient in the tissues of all animals 
and of the generality of plants. So essential, indeed, is 
nitrogen to animal tissue that an animal has been (chemi- 
cally) defined as * an organic substance which contains 
not less than three per cent, of nitrogen/ Casein, 
albumen - blood and urea are highly nitrogenous 
substances formed in the bodies of animals fed on plants. 
Plants obtain their nitrogen from the soil and atmo- 
sphere. 

Preparation.— Nitrogen may be separated from the oxy- 
gen with which it is mechanically mixed in atmospheric 

* From a, privative and far] (zoe) life ; this name is still employed 
by the French. 
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air by causing the oxygen to combine with some substance, 
as phosphorus, for which it has a strong affinity. This 
is accomplished by enclosing, over water, a portion of 
air in a bell- shaped glass jar containing a stick of phos- 
phorus suspended by a piece of copper wire. The 
phosphorus, gradually absorbing the oxygen of the air, 
undergoes slow combustion , and after the lapse of some 
hours all the oxygen present in the jar will have united 
with the phosphorus, producing by their union, in the 
presence of water, a compound known by the name 
phosphorus acid (H 3 P0 8 ), and leaving nitrogen in 
the jar. 

Nitrogen is more rapidly insulated from the oxygen of 
the air by igniting a small piece of phosphorus on a 
metallic cup (standing over water) and covering it with 
a bell-jar full of air (Fig. 33). In this 
case the necessary initial temperature 
having been imparted to the phosphorus, 
rapid combustion ensues with the produc- 
tion of phosphoric anhydride, (P 2 0 6 ) which 
in the presence of water forms phosphoric 
acid (H 8 P0 4 ). By allowing the jar to 
stand in the water for some time, all the 
white fumes of phosphoric anhydride will 
be absorbed by the water, which will rise in the jar to 
fill the space originally occupied by the oxygen, leaving 
nitrogen in a tolerably pure state in the upper portion of 
the bell-jar. Its purity is increased by passing it 
through lime-water, by which means it loses the carbonic 
acid gas, which (being a constituent of the atmosphere) 
was present in the air from which the nitrogen was 
obtained. It may now be transferred into smaller jars 
for the purpose of examining its properties. 

Another method of obtaining nitrogen from air consists 
in passing a stream of dry air over turnings of metallic 

12 
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copper, made red-hot in a tube of hard glass (e /, Fig. 34). 

The copper while red-hot combines 
with the oxygen of the air, forming 
black oxide of copper, or cupric oxide, 
while the nitrogen passes on and may 
be collected in the pure state by passing 
it through a solution of potash or of 
caustic lime (to absorb carbonic gas). 

Nitrogen may also be prepared from 
raio meat , by heating it in a retort with 



Fig. 34. 

an acid. This process is more useful as a confirmation 
of the statement that nitrogen is an essential ingredient 
of animal tissue than as a means of preparing it, since 
it does not yield it free from impurities. 

Nitrogen is also easily prepared by heating ammonium 
nitrite NH 4 N0 2 (or NH 3 HN0 2 ), which splits up into 
water and pure nitrogen when strongly heated, thus — 
NH 4 N0 2 = 2H 2 0 + N 2 . 

The ammonium nitrite may be readily prepared by 
heating a mixture of potassium nitrite and ammonium 
chloride. 

Nitrogen is sometimes prepared by passing a stream 
of chlorine gas through a solution of ammonia ; the 
process is dangerous, in consequence of the tendency to 
the formation of explosive oily drops, chloride of nitrogen 
(NC1 8 ), and therefore not to be recommended to beginners. 
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Care should be taken to keep the ammonia in excess so 
as to avoid the production of the explosive chloride of 
nitrogen. The probable reaction is 

8NH a + 3C1 2 = 6NH 4 C1 + N a . 

Properties. — Here is a jar filled with nitrogen gas ; 
you observe that it is as colourless, tasteless and odour- 
less as air. It is very sparingly soluble in water.* Its 
chief characteristics are : its general inertness, and 
apparent want of affinity ; in fact an absence of positive 
qualities, i.e. it is better known by what it does not than 
by what it does . For example — it does not support 
combustion. For when I plunge this lighted taper into 
the jar it goes out, and moreover (you may notice) that 
the gas does not take fire, as hydrogen does, when a 
lighted taper is immersed in it. Nitrogen is, therefore, 
not only an extinguisher of ordinary combustion, but 
also (itself) incombustible . It does not give a milky 
appearance to lime water. It does not support respira- 
tion, for if a small animal be placed under a jar filled 
with nitrogen, it will die very quickly. An animal may 
be droivned in nitrogen gas as well as in water : for to be 
drowned in water is merely to die for want of free oxygen 
to oxygenate the blood ; and animals die in nitrogen, not 
from any poisonous action of the gas, but merely from its 
incapability of oxygenating the blood. Nitrogen is some- 
what lighter than air, which is about fourteen and a half 
times as heavy as hydrogen. It has no action on litmus 
paper, and does not readily combine with other bodies. 
In fine, it may be said that nitrogen is most remarkable 
for its weak affinities for other elements. It requires the 
very highest temperatures to cause it to combine directly 
with oxygen. 

With respect to the combustion of the ordinary 

* 100 volumes of water dissolve above 1-5 volumes of nitrogen gas. 
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materials used for fuel and illumination — coals, oils, 
candles, &c. — gases may be divided into three classes : — 

(1) Those which support combustion t — well exemplified 

by oxygen. 

(2) Those which do not support comhustiont hut are 

themselves combustible in air t — exemplified by 
hydrogen. 

(3) Those which neither support combustion nor are 

themselves combustible in air , — exemplified by 
nitrogen. 

Hence nitrogen (being the most abundant ingredient 
of the atmosphere) moderates the influence of the oxygen, 
or active agent, in the air we breathe. 

Nitrogen — combined with hydrogen, and with hydrogen 
and oxygen, occurs in minute quantities in the atmos- 
phere — combined with hydrogen as ammonia gas (NH 8 ), 
and with hydrogen and oxygen as nitric acid (HN0 8 ), 
two compounds which may be regarded as the primary 
sources of plant nitrogen. When flashes of fork lightning 
pass through moist air, nitric acid is produced, which can 
always be detected in the rain that falls during or 
immediately after thunderstorms. 

The thunderstorms that usher in the Indian monsoons 
have, therefore, their beneficent, as well as their awe- 
inspiring aspects. Thus in many parts of India the soil 
from continued cropping, during thousands of years, has 
become so exhausted of its nitrogenous ingredients as to 
be entirely dependent on the monsoon for the acquisition 
of that combined nitrogen, necessary for the season's crop 
of cereals. 

Ammonia was first prepared by the Arabs from camel's 
dung near the temple of Jupiter Ammon, whence it derives 
its name. This gas is now usually prepared by heating 
sal-ammoniac (ammonium chloride) with lime, the 
reaction being represented, thus : — 

CaO + 2NH 4 C1 = CaCL 2 + H 2 0 + 2NH 8 {ammonia). 
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The accompany- 
ing figure repre- 
sents the neces- 
sary apparatus. 
Even when mixed 
in the palm of the 
hand the pungent 
fumes of ammonia 
gas are readily 
perceived. The 
dry gas extin- 
guishes a taper, 
but when mixed 
with highly- 
heated oxygen or 
a sufficiency of 
hot air, it takes 
fire and burns 
into nitric acid 
and water. This 
gas is extremely 
soluble in water, 
as may be illus- 
trated as follows 
(see Fig. 36). 


Fig. 86. 
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Nitric Acid’, which also occurs in minute quantities in 
the atmosphere, is prepared for use in the arts by distil- 
ling oil of vitriol with nitre (saltpetre) — 

KN0 8 + H 2 S0 4 - KHSO4 + HN0 8 (Nitric acid). 

On the large scale Chili saltpetre, cubic nitre (NaN0 8 ), 
is used instead of potassium nitrate, and by employing a 
higher temperature a smaller proportion of acid is re- 
quired. 

2NaNO„ + H 2 S0 4 - Na 2 SO a + 2HN0 8 . 

Nitric acid destroys the colour of a solution of indigo ; 
it dissolves copper, silver, mercury, lead, and zinc, &c., 
one or other of the lower oxides of nitrogen being at the 
same time evolved. It stains paper, wood, and skin 
yellow ; when mixed with HC1 it dissolves gold ; it gives 
a characteristic reaction with FeS0 4 + Aq, forming a 
red liquid (2FeS0 4 , NO) which, if boiled, gives off nitric 
oxide, and the solution turns brown . 

The relationship of these oxide3 to nitric acid may be 
symbolically exhibited as follows : — 

2 HNO a — (H 2 0) = N 2 O b Nitric anhydride 

2 HN0 8 — (H 2 0+ 0) =* N 2 0 4 Peroxide of nitrogen 
2 HN0 8 — (H a 0+0 2 ) =» N 2 O s Nitrous anhydride 
2 HNO a — (H 2 0-f 0 3 ) = N 2 0 2 Nitric oxide 
2 HN0 8 — (H 2 0+ 0 4 ) =■ N 2 0 Nitrous oxide • 

The three higher oxides are regarded as anhydrides, 
because they combine with water to produce acids — the 
nitrous and nitric acids. 

N a O„ + H 2 0 =» 2 (HNO a ) Nitrous acid 
N 2 0 4 -f H 2 0 — HNO a + HN0 8 Mixed acids 
N a 0 6 + H 2 0 « 2HNOs Nitric acid 

As N a 0 4 with water produces a mixture of both acids it 
goes by the name of nitroso-nitric anhydride ; it is also 
called the peroxide of nitrogen. The remaining two are 
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neutral oxides. They are known as nitrous oxide N a O 
and nitric oxide N a O a or (NO).* 

Nitrous Oxide.— This oxide is most easily obtained by 
heating ammonium nitrate (NH 4 N0 8 ) in a flask provided 
with a delivery tube and collecting the gas over hot water, 
it being rather soluble in cold water : 

NH 4 N0 8 - 2H a O + N a O. 

Here is a jar full of this gas ; it is colourless and odour- 
less, its solution in water has rather a sweetish taste — 
it is liquefiable under pressure, and when the liquid is 
suddenly evaporated in vacuo a very low temperature is 
obtained. The gas, apparently, supports combustion 
well, but the feeble flame of burning sulphur is extin- 
guished. It is, therefore, evident that the heat of the 
burning body decomposes the N 2 0 into its component 
gases before the combustion ensues. This gas is some- 
times called ‘ laughing gas ’ because of its producing 
risible excitement when inhaled. 

Nitric Oxide is usually prepared by bringing nitric acid 
into contact with strips of copper in a flask fitted with a 
delivery tube, when chemical action at once ensues even 
without the aid of heat. The action of the copper on the 
acid is represented thus — 

Ou 8 + 8HNO g = 3Cu(N0 8 ) 2 + 4H a O + 2NO. 

This gas is colourless, but on contact with free oxygen 
(or air) produces orange red fumes owing to its readiness 
to combine with oxygen in different proportions to form 
either N a O„ or N 2 0 4 . The red fumes usually consist of a 
mixture of both these oxides. Nitric oxide thus becomes 
a convenient test for free oxygen. Like the monoxide it 
supports the combustion of such burning bodies as are hot 

* NO corresponds to a two gas volume molecule, but the ratio of 
constituent atoms is the same as in N 2 O 2 . For a similar reason 

3 4 should be written NO a . 
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enough to decompose it beforehand. It has a neutral re- 
action before mixing with air or oxygen, by which it is 
converted into the acid forming bodies N a 0 8 and N 2 0 4 . 
These latter oxides are obtainable by mixing together 
oxygen and nitric oxide in the necessary proportions as 
follows : — 

2 (N a O a ) + 0 2 = 2N 2 0„ 

(4 vols.) + (1 vol.) = (2 vols.) 

N A + 0 2 = N,0 4 

(2 vols.) + (1 vol.) = (2 vols.) 

The peroxide N 2 0 4 is also prepared by strongly heating 
well dried lead nitrate — which is thus decomposed into 
lead oxide, nitric peroxide, and free oxygen. 

Pb(NO«) a = PbO + N 2 0 4 + 0. 

Both of these oxides unite with bases to form salts — 
the former nitrites and the latter mixed nitrates and 
nitrites . 

K 2 0 + N 2 0 8 = 2KNO fl 

K 2 0 + N 2 0 4 = KNO + K s NO a 

Nitric anhydride is insulated with great difficulty by 
acting on heated silver nitrate AgNO a with dry chlorine 
gas— 

2AgN0« + Cl 2 = 2AgCl + N 2 0 6 + O 
it is an unstable, crystalline, white solid, which by contact 
with water, immediately forms nitric acid — 

N 2 0 6 + H 2 0 = 2HNO g 

The nitrates are all soluble in water. 

PHOSPHORUS P = 31. 

The nitrogen group of elements comprises, besides 
nitrogen — 

Phosphorus P — 31 

Arsenicum As — 75 76 mean. 

Antimony Sb,=» 122 
and Bismuth Bi — 210 
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Of these Phosphorus (and perhaps Arsenicum)* belongs 
to the non-metallic division of the elements. 

Phosphorus occurs in nature as a constituent of various 
native phosphates, more particularly as calcium 
phosphate, which forms the principal ingredient in the 
minerals coprolite, phosphorite, apatite, &o. It is also 
an abundant constituent of the bones of animals. 
Phosphates occur among the constituent minerals of the 
primitive rocks, and hence also in the soils produced by 
their disintegration. Plants take up phosphorus from 
the soil in which they grow, and accumulate it in their 
seeds : hence science directs that the soil should receive 
phosphorus (in the shape of phosphates) as a special 
manure for seed-bearing plants such as the various kinds 
of corn (or cereals). And thus, the animal kingdom, by 
feeding on the vegetable kingdom, obtains the supplies of 
phosphorus necessary for its blood, bone and brain. 

Properties.— Like oxygen and sulphur, phosphorus can 
exist in different allotropic modifications. Common 
(octohedral) phosphorus is a waxy-looking transparent 
solid, soft and flexible at ordinary temperatures, and 
possessing a slightly yellow tinge of colour. Phosphorus 
is a very inflammable substance, oxidising on exposure to 
the air, at first slowly, but increasing in rapidity of 
oxidation with increase of temperature. This is the cause 
of the luminous appearance it exhibits in a dark room, 
from which circumstance it derives its name (<£u)$ light, 
and <j>€pu) I bear). In consequence of its great liability to 
oxidation it should always be kept under water even when 
manipulating with it.f 

* Arsenicum will be described with the metals. 

f If this precaution be not attended to, dangerous burns may 
result to the operator. 
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Preparation.— Phosphorus, though originally obtained 
from stale urine,* is now always prepared from bones. 
The bones are first calcined ; the white powder (called 
bone-ash) thus obtained is mixed with a sufficiency of 
dilute sulphuric acid (about two* thirds the weight of ash 
plus twice its bulk of water). The action of the acid on 
the bone -ash, which latter is chiefly composed of tri- calcic 
phosphate, may be represented as follows : — 

Ca,(P0 4 ) 2 + 2H 2 S0 4 = CaH 4 (P0 4 ) 2 + 2CaS0 4 . 

The hydrogen of the oil of vitriol replaces part of the 
calcium in the tri-calcic phosphate, and thus forms the 
acid phosphate of calcium CaH 4 (P0 4 ) 2 known in 
commerce as superphosphate of lime.t 

The solution of this acid phosphate is poured off from 
the precipitated calcium sulphate (Ca S0 4 ), and evaporated 
to dryness, after which the residue, being heated, to drive 
off water, is transformed into calcium metaphosphate 
(CaP0 8 ) 2 . 

CaH 4 (P0 4 ) 2 - 2H a O = 0a(P0 8 ) 2 . 

This metaphosphate is finally mixed with powdered char- 
coal and heated strongly in an earthenware retort, to 
which a copper tube is attached, by which the vapour of 
the phosphorus, which distils over, is conducted into a 
vessel containing cold water. The reaction is represented 
as follows : — 

3Ca(P0 8 ) 2 + IOC = Ca 8 (P0 4 ) 2 + 10CO + P 4 . 

In this way one- third of the phosphorus is still left 
behind as tri-calcium phosphate. The whole of the 

* The urine voided by a man in 24 hours contains on an average 
about 8 grains of phosphoric acid. The urine of brain-workers 
contains much more phosphoric acid than that of mere physical 
labourers. Hence a pliospliatic diet is sometimes prescribed for 
brain-workers. 

f Owing to its ready solubility this superphosphate forms a highly- 
valued manure, especially for root crops and pastures. 
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phosphorus, however, may be obtained by adding a 
sufficiency of sand (silex, SiO a ) to the mixture in the 
retort, when the reaction becomes — 

2Ca(POp) 2 + IOC + 2SiO a = 2CaSi0 8 + 10CO + P 4 

The phosphorus is condensed in waxy-looking drops at 
the bottom of the water. By heating the water, the 
phosphorus melts, and it is then run (through wash- 
leather) into glass or copper moulds, forming sticks, such 
as may be purchased at any druggist’s shop. 

Uses.— Phosphorus is used principally for making lucifer 
matches, and also for the preparation of phosphoric acid 
and in medicine. For the manufacture of matches red 
(amorphous) phosphorus is now universally used. The 
red modification of phosphorus is obtained by the pro- 
longed heating of ordinary white phosphorus at tempera- 
tures from 230° to 250° C., — taking precautions to exclude 
the air while being heated. Unlike ordinary phosphorus 
it may be handled with impunity ; and it is insoluble in 
carbon disulphide, turpentine, and oil, liquids in which 
the common variety more or less readily dissolves. 

The fumes of phosphorus are very poisonous and are 
very deleterious to the health of persons engaged in the 
match trade : but with the introduction of amorphous 
red phosphorus, the match manufacturer has gained a 
new lease of life. Matches are now made which * ignite 
only on the box ’ ; such matches are usually tipped with 
molten sulphur or paraffin, and then dipped in a paste 
composed of a mixture of potassium chlorate (6 parts), 
antimony sulphide (2 parts), and glue (1 part). 

Bed phosphorus (10 parts) and antimony sulphide (8 
parts) are ground up with a sufficiency of glue, and spread 
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on paper, which is pasted on the side of the box to form 
the friction surface. 

A thousand tons of phosphorus are annually used in 
the manufacture of matches, and thus the soil is deprived 
of a large quantity of phosphoric acid and, perhaps, 
mankind of some brains. 

Phosphuretted Hydrogen. — A remarkable compound of phos- 
phorus and hydrogen, called phosphine or phosphuretted hydrogen , is 
a basic body perfectly analogous to the ammonia type (NH 8 ). It is 
obtained by heating a solution of caustic potash on phosphorus — 

P 4 + 3KHO + 3H a O - PH 8 + 3KH a PO a . 

Corresponding chlorides, bromides and iodides also exist or can 

be made. 

Phosphuretted hydrogen has an offensive, garlic-like odour, and 
inflames on passing into the air, producing fumes of phosphoric 
anhydride (2H 8 P+0 8 = P a 0 fi -b3H 2 0) which rise in pretty rotating 
rings, resembling gunner* 8 rings frequently to be observed during 
the firing of cannon. The spontaneous inflammability of this gas 
is probably due to the presence of a trace of the vapour of liquid 
phosphuretted hydrogen — another compound of phosphorus and hy- 
drogen represented by the formula P a H 4 . This liquid compound, on 
exposure to direct sunshine, deposits a yellow solid which is a 
third compound of these elements having the constitution P 4 H 2 — 

5P 2 H 4 = r 4 H a -f 6PH a . 

Phosphoric Anhydride (P 2 0 6 ) is a white snow-like solid with 
a groat affinity for water with which it combines in several propor- 
tions according to the circumstances under which these bodies are 
brought together. It is prepared by burning phosphorus in dried 
air or oxygen. 

P a + Os — P2O5 t 


* It is consequently much used for drying gases, for which pur- 
poses it equals strong sulphuric acid. 

f With an excess of phosphorus, low temperature and an insuffi- 
cient supply of air a lower oxide P 2 0 8 is formed ; this, by combin- 
ing with water, forms phosphorous aoid (H 8 P0 8 ), which on being 
strongly heated, breaks up into phosphuretted hydrogen and ortho- 
phosphoric acid. 
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When the solid anhydride is thrown into water it hisses violently 
while entering into combination with the water. It forms three 
distinct hydrates by combining with different proportions of water, 
and these are known as varieties of phosphoric acid. 

Phosphorio Acid. — The three varieties of phosphoric acid 
are : — 

Meta-phosphoric acid HP0 8 
Pyro-phosphoric acid H 4 P a 0 7 
Ortho-phosphoric acid H 8 P0 4 

and, theoretically speaking, they may be regarded as formed by the 
combination of phosphorio anhydride (PA) with successive 
molecules of water. Thus : — 

P 2 0 6 + H 2 0 = 2(HP0 8 ) 

PA + 2(H a O) » H 4 P 2 0 7 
PA + 3(H 2 0) = 2(H 8 P0 4 ) 

Thus it appears that metaphosphoric acid is monobasic, pyrophos - 
phoric acid tetrabasic, while orthophosphoric acid (the ordinary acid 
met with in combination with bones, &c.) is tribasic. 

Orthophosphoric acid is the only really stable compound of the 
three ; for solutions of meta- and pyro-phosphoric acids are converted 
into the ortho-acid on boiling with a sufficiency of water ; even the 
cold solutions undergo a similar change on keeping for some time. 
The ortho-acid can be obtained by the action of dilute nitric acid on 
phosphorus — 

P 8 + 5HN0 3 + 2H a O = 3(H 8 P0 4 ) + 5NO. 

Metaphosphoric acid is obtainod by dissolving in small quantities 
of water the freshly-prepared phosphoric anhydride, obtained by 
burning phosphorus in air or oxygen. If the solution thus obtained 
be boiled for some time with excess of water, the metaphosphoric 
becomes converted into orthophosphoric acid. 

Pyrophosphoric acid can be obtained, as its name implies,* by 
heating ordinary phosphoric acid to 220° 0. It is more commonly 
prepared by decomposing the pyrophosphate of load with sulphuretted 
hydrogen : — 

Pb-aPA + 2II 2 S - H 4 P 2 0 7 -f 2PbS. 

These three varieties of phosphoric acid can readily be distin- 
guished from one another by their peculiar bohaviour with silver 


* Prom pyr, fire. 
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nitrate and albumen (white of egg) . A solution of metaphosphorio 
acid coagulates albumen and gives a white precipitate with nitrate 
of silver. Pyrophosphorio acid does not coagulate albumen, and 
gives no white precipitate with silver nitrate (unless neutralised). 

Orthophosphoric acid does not coagulate albumen, and it gives a 
yellow precipitate with nitrate of silver solution. 

Familiar Nitrates. 

Hydric nitrate Nitric acid 

Sodic nitrate Cubic nitre, Chili salt- 

petre 

Potassic nitrate Nitre, Saltpetre, Sal 

prunella, Bengal salt- 
petre 

Ammonic nitrate 

Argentic nitrate Lunar caustic 

Familiar Phosphates . 

Acid phosphate of NaH a P0 4 
sodium 

Hydric disodic phos- Na 2 HP0 4 
phate (Neutral phos- 
phate) 

Basic phosphate Na y P0 4 

Microcosmic salt NaNH 4 HP0 4 

Yellow phosphate of Ag 8 P0 4 
silver I 

White phosphate of AgP0 8 
silver 

Magnesium ammonium MgNH 4 P0 4 

phosphate. 

Tri calcium phosphate. . Cr ;( (P0 4 ) 2 

Monocalcium phosphate Superphosphate of lime CaH 4 (P0 4 ) 2 


Monosodium phosphate 

Common sodic phos- 
phate 

Trisodic phosphate .... 
Sodium ammonium 1 
Hydrogen phosphate J 
Silver phosphate 

Silver metaphosphate . . 


HN0 8 

NaNO, 

KN0 8 


AmN0 8 

AgNOa 



CHAPTEK XVI. 


CARBON. 

Tetrad, Civ = 12. 

Carbon, in combination with oxygen, enters the atmo- 
sphere as a result of the action of animal life : it will 
therefore be necessary to know something of carbon and 
its oxides before we commence to discuss the chemistry of 
air more fully. 

Occurrence.— Three varieties of carbon occur free, or 
uncombined, in Nature. These varieties are known by 
the names Diamond , Plumbago , and Anthracite , or coal. 

It occurs, however, most abundantly in a state of com- 
bination with oxygen and with hydrogen. With oxygen 
it forms carbonic anhydride, which is found in the 
atmosphere, and which forms 44 per cent, of all pure 
limestones, chalk, marble, corals, &c. In union with 
hydrogen it forms the main constituent of bituminous 
coal ; it is also an essential ingredient of plants and 
animals. 

Each of the three native forms of carbon is charac- 
terized by properties peculiar to itself. 

Diamonds are usually found as transparent crystals, 
which are generally destitute of colour ; sometimes, 
however, they are covered with a thin opaque crust. 

The density of the diamond, referred to water as unity, 
is about 3*5. The diamond is the hardest known 
substance, and for this reason is used for cutting glass 
and (in powder) for cutting and polishing the gem itself. 
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With one exception,* it possesses a higher power of 
refracting light than any other body. It has also a most 
brilliant lustre. It is a bad conductor of heat and 
electricity. It is combustible in oxygen with the pro- 
duction of carbonic anhydride (carbonic acid gas), a 
property which is common to all varieties of carbon. 

The diamond is chiefly used as a personal ornament, 
and for this purpose it is cut by lapidaries into shapes, 
which are known by the names rose and brilliant . The 
rose is flat below, and is cut above so as to exhibit 24 
facets. The form of the brilliant is the same , but it is 
domed below as well as above, and is similarly cut on the 
two surfaces. When cut and polished a diamond weigh- 
ing 1 carat f is valued at about £8, and its price augments 
as the square of its weight until this latter reaches about 
20 carats ; above this weight its price rises in a much 
quicker ratio. Diamonds are generally found in the 
alluvial ddbris of the primitive stratified rocks. 

Diamonds come mostly from Borneo, Brazil, and Cape 
Colony. In this country (India) they are found in a 
sandstone known as the diamond sandstone , which occurs 
in the southern parts, chiefly between Masulipatam and 
Hyderabad, where the celebrated Kohinoor was dis- 
covered. 

“ The Kohinoor, or ‘ Mountain of Light/ became the 
property of the Queen of England on the annexation of 
the Punjab in 1850. It is reputed to be 4,000 years 
old, and it is certain that in 50 b.c. it belonged 
to the Rajah of U jay in, and remained in the 
possession of his successors until the Mahomedans 
conquered India. The Kohinoor is mentioned by 
Tavernier, a.d. 1665, as the property of the Great Mogul. 

* Lead chromate. 


f 1 Carat = 3$ grains. 
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Its original weight was 703 carats, and it has been 
reduced by repeated cuttings to its present weight, 
which is only 103£ carats. It is thought that the original 
rough form of the Kohinoor was that of a rhombic dodeca- 
hedron , and that this great mass was broken accidentally 
into three parts, forming the Kohinoor , the Bussian 
diamond , and the Dorianoor or 1 Ocean of Light.* The 
Russian diamond weighed 194 carats, and was sold for 
£90,000 and an annuity of £4,000. The Kohinoor and 
Dorianoor formed part of the plunder seized by Nadir 
Shah at the taking of Delhi in 1739, when the treasures 
carried off exceeded £70,000,000 in value.”* 

Plumbago (called graphite from being used for writing 
purposes) is found native in several parts of the world, 
but the best kind comes from Borrowdale in Cumberland, 
where it occurs in trap rock. Its colour varies from 
black to iron-grey ; it has a metallic lustre, and makes a 
black mark on paper, and under the erroneous name of 
blaok-lead\ is used for making pencils ; the coarse kinds 
are used for polishing stoves, &c., and (in powder) for 
diminishing friction between the parts of machines. It 
contains a trace of iron, in combination with some of its 
carbon as carbide of iron, and is therefore not so pure as 
the diamond, which is almost free from any impurity. 
Indeed, were it not for the fact that both combine with 
oxygen to produce the same compound (carbonic anhydride) 
it would be difficult to believe that the diamond and 
plumbago are one and the same substance. Unlike the 
diamond, however, it is a good conductor of heat and 
electricity. 

Anthracite is a variety of coal which contains no 
bitumen (an inflammable material chiefly composed of 

* Haughton, 1 Kingdoms of Nature.' 

f The name is erroneous, as plumbago contains no lead whatever. 

13 
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of which gives to animal charcoal a greater power of 
removing the colouring matter from liquids than is 
possessed by ordinary wood charcoal; this variety is 
consequently used for such purposes by sugar refiners. 
This property of animal charcoal may be well illustrated 
by throwing some of it into the blue liquid you see in 
this glass (water coloured blue by sulphate of indigo) and 
filtering it, to separate the liquid portion from the solid 
charcoal. You observe that the filtrate ( i.e . what passes 
through the filter) is perfectly colourless, like water. 

Animal charcoal being made from bones is frequently 
called bone-black and ivory -black (having been originally 
made from ivory). 

Another variety of charcoal is well known as lamp- 
black : it is obtained by burning hydrocarbons (as turpen- 
tine, rosin, &c.) ; it is also deposited from the smoke of 
lamp flames , hence its name. Lamp-black is used as a 
paint , and when mixed with soap and linseed oil forms 
printing ink . 

Soot is an impure variety of carbon resembling lamp- 
black. 

Charcoal is commonly thought to be antiseptic (that is, 
possessed of properties which prevent decay), in proof of 
which it is stated that water may be kept in drinkable 
order for a long time in wooden vessels which have been 
charred on the inside, and that meat may be kept sweet 
for a considerable time by covering it with powdered 
charcoal. Although such statements be perfectly true, 
yet the manner in which charcoal acts is quite the 
opposite to that which is popularly supposed : for these 
effects are due to the power of absorbing gases which 
charcoal possesses in a high degree. A given volume of 
charcoal absorbs about nine times its bulk of oxygen gas ; 
and, thus condensed, oxygen has a very powerful affinity 
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for the decaying organic matter occurring in stagnant 
waters and putrid meat. The effects (those just men- 
tioned) of charcoal on water and meat are caused 
by the oxidating action of the absorbed oxygen, which, 
combining with the odoriferous organic matter, renders 
it harmless by resolving it into carbon dioxide and water. 
The decomposition is, therefore, hastened instead of 
retarded , as is implied by the term antiseptic. 

According to experiments conducted by Saussure, at 
the ordinary atmospheric temperature and pressure : — 

1 vol. of boxwood charcoal absorbs 90 vols. of Ammonia. 


85 „ 

Hydrochloric acid. 

65 

Sulphur dioxide. 

55 

Hydric sulphide. 

35 

Carbon dioxide. 

9 

Oxygen. 


Cocoanut charcoal absorbs considerably more than that 
made from boxwood ; according to Hunter one volume of 
cocoanut charcoal absorbs eighteen volumes of oxygen. 

The absorbed gases are evolved when the charcoal is 
heated. Charcoal filters are , therefore , easily cleansed 
by giving the charcoal a red heat . 

Heaps of charcoal occasionally take fir e spontaneously ; 
such a phenomenon being most probably caused by the 
slow combustion of the carbon with the oxygen condensed 
in its pores. The condensation of the gas probably 
producing (as in the case of spongy platinum) sufficient 
heat to start the combination by a slow process, which 
finally yields the necessary amount of heat for their 
rapid combustion. 

Charcoal, like hydrogen, is capable cj reducing metallic 
oxides, and is often employed fpr t>nat purpose. Carbon 
unites directly with oxygen ; you have seen it do so 
with brilliant combustion on a former occasion, when I 
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plunged a reddened piece of it into a jar of oxygen, the 
product being carbon -dioxide — 

C -j- Oj = COj 

The combustion of the diamond, graphite or charcoal, 
in oxygen, yields this compound, and for every 12 grams 
of pure carbon so burned, 44 grams of carbon-dioxide are 
produced, with the development of 97 units of heat." 
Carbon is partly liberated from its combination with 
the oxygen in carbonic anhydride by contact with 
ignited potassium or sodium — 

3CO a -j - K4 = 2K a C0 8 4“ C. 

As carbon has never been volatilized , its experimental 
vapour-density has not been ascertained. 

SILICON. Si = 28 . 

Silicon is the only other non-metallic element belonging 
to the tetrad (or carbon) group of elements. This group 
contains Carbon, Silicon, and Tin — 

C = 12 Si = 28 Sn = ll8 

Occurrence.— Silicon , though next to oxygen the most 
abundant constituent of the earth’s crust, is not found 
free in nature. It always occurs in combination with 
oxygen, chiefly as silicon-dioxide, or silica (Si0 2 ). This 
substance (SiO a ) when it occurs in the crystalline 
condition is called quartz, rock crystal, &c. ; and when 
in the amorphous condition it is known as calcedony, 
flint, &c. Many of the precious stones, as amethyst, agate, 
carnelian, onyx, &c., are composed of silica ; opal is a 
hydrated form of silica. 

Silica, or Silicon-dioxide, is really the anhydride of — 
Silicic acid (H 4 Si0 4 ) : — for 

(Silicic *cid) (Water) =* (Silica) 

H 4 SiC\ •>- 2H a O = Si0 2 

* A kilogram of carbon when burnt completely in oxygen yields 
8,080 units of heat. 
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and when combined with bases it forms the largest 
and most important class of minerals — the Silicates — 
which enter into the composition of rock formations. 
Even ordinary clay is a more or less pure silicate, — pure 
clay (or kaolin) is silicate of alumina (Al a 0 8 2Si0 a , 2H a O), 
and therefore bricks, pottery, china and glass, which are 
composed chiefly of clay and sand, also come under 
the head of silicates. 

Preparation.— Silicon itself can be obtained in the two 
conditions, amorphous and crystalline ; it is, however, 
seldom prepared (except for curiosity), as it serves no 
.useful purpose in the Arts. The amorphous variety may 
be prepared, as a dull brown powder, by fusing potassium 
silico- fluoride (K 2 SiF 6 ) with either of the alkali metals, 
potassium or sodium — 

K 2 SiF 6 + K 4 - 6KF -f Si. 

Crystalline silicon is obtained in lustrous black 
hexagonal plates by fusing the silico-fluoride (K a SiF 8 ) 
with the metal aluminum, and afterwards dissolving out 
the metallic aluminum with hydrochloric acid. 

Properties.— Amorphous silicon is combustible in air or 
oxygen, forming the dioxide (SiO a ), usually termed silica. 

Tne most remarkable property of silicon, as well as of 
its oxide silica, is the power of resisting the action of 
all acids except that of hydrofluoric (HF), and this 
acid converts it into the gaseous body (SiF 4 ), tetra- 
fluoride of silicon. This action of hydrofluoric acid on 
silica is represented thus — 

SiO a + 4HF = SiF 4 + 2H 2 0. 

It explains how I1F acts on glass vessels by flying 
away with the silicon of the glass as SiF 4 . 

This gaseous body, SiF 4 , when conducted into water 
undergoes a reaction witn' the water by which silica is 
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separated in a gelatinous condition, while a solution of 
Hydro-fluosilicic acid is left in the water. The jelly is 
composed of silicic acid. 

3SiF 4 + 4H a O = H 4 Si0 4 + 2(H a SiF 6 ) 

This acid (H a SiF 6 ) in solution is frequently used in 
analysis to distinguish between soluble compounds of 
potassium and sodium, as it gives a glairy gelatinous 
precipitate with the former, but not with the latter 
class of compounds. 

The barium salt is insoluble in water and dilute acids ; 
and for this reason fluo-silicic is liable to be mistaken 
for sulphuric acid. Silico-fluorides are, however, easily 
distinguished from sulphates by the readiness with 
which they yield hydrofluoric acid (which etches glass) 
when treated with strong oil of vitriol, thus — 

K a SiF 2 + H 2 S0 4 = K a S0 4 + 2HF + SiF 4 

From a solution of the silicates of potash or soda 
(water glass) gelatinous silica is precipitated on the 
addition of a strong acid (HC1, HNO s or H 2 S0 4 ). 

Na 2 Si0 4 + 4HC1 = 4NaCl + H 4 Si0 4 

BORON. B - 11. 

Boron is an element of peculiar analogies ; for though 
a triad , and therefore not properly belonging to the 
carbon group, it bears such striking resemblances to 
silicon and carbon that it is best considered in conjunc- 
tion with these elements. 

Occurrence.— Like silicon, boron is nowhere found free 
in nature, it occurs only in combination, and chiefly with 
oxygen and sodium as boric (boracic) acid, and as borax 
(tincal) ; the former is found in the hot water lagoons of 
Tuscany, and the latter occurs in Thibet as an efflor- 
escence on the soil. Boron also occurs in minute a^antity 
in some rare minerals, such as tourmaline, &c. 
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Preparation. — Boron is obtained by a process exactly 
similar to that adopted in the preparation of silicon : 
boro-fluoride of potassium is fused with metallic potas- 
sium — 

2KBF 4 + K 6 - 8KF + B 2 

It may also be prepared by igniting boric anhydride 
(BA) with sodium, thus — 

4B a 0 8 + Na 6 - 3 (NaA BA) + B a . 

Properties. — Thus prepared, boron is an amorphous 
olive brown powder which soils the fingers, but like silicon 
it assumes the crystalline condition when fused with 
aluminum. Boron also assumes a condition known as 
graphitoidal, i.e . resembling the lustrous scales of graphite. 
Graphitoid boron is obtained by passing the terchloride 
of boron (BC1«) over fused aluminum — 

Alj + 2BCl a * Al a Cl 6 + B a . 

The boron dissolves in the excess of aluminum, which 
is itself subsequently dissolved out by caustic soda. The 
only important compounds of boron are boric, or boracic, 
acid (H 8 BO„) and borax (Na a B 4 0 7 , 10H a O), both of 
which compounds are much used in blowpipe experiments. 
Compounds of boron impart a peculiar green colouration 
to the flame of a spirit lamp. Boracic acid solution gives 
a brownish red colour to yellow turmeric paper, after 
drying. Borax, owing to its great power of dissolving 
metallic oxides at high temperatures, is much used for 
cleaning the surfaces of metals in the art of soldering, 
and for making artificial gems before the blowpipe. 

Boron forms a gaseous compound with Hydrogen 
(BH 8 ) of similar constitution to ammonia (NH S ) and 
phosphuretted hydrogen (PH 8 ), which is strong evidence 
in favour of viewing Boron as a member of the nitrogen 
group of elements. 



CHAPTER XVIL 


THE OXIDES OF CARBON. 

Carbon forms only two compounds with oxygen : they 
are carbon-dioxide or carbonic anhydride (commonly called 
carbonic acid gas) C0 2 , and carbon-monoxide , or carbonic 
oxide, CO. 

CARBON-DIOXIDE.* 

Molecule, C0 2 = 44 ; Density = 22. 

Occurrence — In the free state it occurs in the atmo- 
sphere, being evolved from volcanoes, from the lungs of 
animals during respiration, and from the combustion of 
fuel ; it is also evolved from plants during the night. In 
combination with lime it forms (as already mentioned) 
upwards of 40 per cent, of limestone, marble, corals and 
the shells of marine animals. 

Preparation — It is most easily obtained from calcium 
carbonate, in which it may be said to exist ready made, 
by the action of hydrochloric or sulphuric acid. 

The materials generally used in the laboratory are 
white marble or chalk and hydrogen chloride (hydrochloric 
acid). The marble or chalk is put into a gas-generating 
bottle (Fig. 37) with some water, and strong hydrogen 
chloride is dropped in occasionally, so as to keep up a 
brisk disengagement of the gas ; it is best collected by 
upward displacement of air, i.e. by bringing the end of 
the delivery tube to the bottom of a gas jar or bottle, and 

* The dioxide, commonly called ‘ carbonic acid gas/ being a 
natural compound, wo shall begin with it. 
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covering It loosely with a card ; the carbon-dioxide being 
heavier than air falls to the bottom, and displaces the 
air upwards. 



Fig. 37. 


The action of hydrogen chloride on calcium carbonate 
is represented thus — 

CaC0 3 + 2HC1 - CaCl 2 + H 2 0 + C0 2 . 

The products are calcium chloride (CaCl a ), water 
(H a O), and carbonic anhydride (CCL). It may be freed 
from watery vapour by causing it to pass through a tube 
packed with fragments of quicklime or other desiccating 
substance. When required for making soda-water it is 
usually prepared from chalk and hydrogen sulphate 
(sulphuric acid) diluted with a 1 out ten times its bulk of 
water. Any carbonate will part with its carbonic acid 
gas when brought into contact with a strong acid* — such 
as hydrochloric, sulphuric, or nitric. 

Having filled a few bottles with the gas, we may pro- 
ceed to examine its properties. 

Properties — Carbon-dioxide, or carbonic anhydride, is a 
gas devoid of colour, and hence as invisible as air. It pos- 

* Hence when effervescence takes place on the addition of an 
acid it generally indicates a carbonate, unless the escaping gas emits 
a peculiar odour. 
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sesses other properties, however, by which it may be 
readily distinguished from air. The following are its 
principal characteristic properties : — 

It extinguishes a lighted taper : you will observe, when 
I immerse a lighted taper in a bottle full of it, that the 
taper will be immediately extinguished. 

It is very dense , being about 1*52 times as heavy as 
air. This property may be demonstrated by pouring 
some of the gas over an ignited 
taper. I take a jar full of this 
gas, and pour it (as I would water) 
down on the wick of the taper ; 
you see I have now done so, for 
the taper is extinguished ; or, I 
may take another jar of the gas 
and empty its contents — carbonic 
acid gas — into a jar (Fig. 38) con- 
taining air only. In this case the 
carbon dioxide falls through the 
air into the jar, at the same time 
displacing (upwards) the air from 
the jar. That it really has been Fig. 38 . 

poured into this jar I will now 

prove to you. Here is a lighted taper, and if there be 
carbonic anhydride in this jar (the one which just now 
contained air only) the taper will be extinguished when I 
plunge it into it. There 1 you see the taper goes out. I 
may further illustrate the great density of carbonic anhy- 
dride by floating a small balloon or soap-bubble on its 
surface in a large jar. 

It is soluble in water to the extent of one volume of 
the gas to one volume of water , and in common with 
other gases, it is absorbed in the same ratio when in a 
compressed state ; it imparts an agreeable sharp or acid 
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taste to water, well-known to those who drink soda or 
other aerated waters. 

When dissolved in water it reddens (slightly) blue litmus 
paper , and moistened blue litmus paper is reddened (wine- 
red) when introduced into a jar of the dry gas ; the blue 
colour of the paper is restored when its moisture is evap- 
orated. Carbonic anhydride, therefore, becomes an acid 
when dissolved in water* ; the formula assigned to a 
solution of it in water is — 

H 2 CO s (= H,0 + CO,). 

It imparts to clear lime-water a milky appearance . 
This is caused by the carbon dioxide entering into com- 
bination with the lime, thereby producing calcium 
carbonate or chalk (the same substance from which it 
was liberated in the first instance by the action of an 
acid), which is insoluble in water , and hence gives it a 
milky appearance ; if allowed to stand for a time, the 
solid carbonate of calcium will fall to the 
bottom, and leave the water clear above. 

This property is shown thus : — Here is a 
jar of the gas, and here some lime-water, 
which I now pour into the gas, and, 
covering the jar with a glass plate (Fig. 

39), I shake it up, gently first, and after- 
wards rather briskly. You see now the 
water presents a milky appearance. This 
lime-water is the common test for, or 
witness to, the presence of carbon- 
dioxide. 

It does not support animal respiration. A mouse or 
other small animal, introduced into a jar of it, dies 
almost immediately. 

Carbon-dioxide does not extinguish the flame of a taper 

* This fact accounts for the name carbonic acid gas which is so 
frequently applied to this compound. 



Fig. 39. 
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for the same reason that hydrogen and nitrogen do, i.e. 
by excluding oxygen, for carbon-dioxide itself contains a 
large quantity of combined oxygen, and even when mixed 
with a good share of free oxygen it (carbon-dioxide) will 
extinguish the dame of a taper. It exerts a poisonous 
action , so to speak, on combustion, similar to its action on 
animal life.* Thus from 4 to 6 per cent, of carbonic 
anhydride in air is sufficient to poison (or extinguish) 
animal life, and, as we would naturally expect, a larger 
percentage is required to extinguish the flame (or life) of 
a candle, which is produced by rapid combustion ; if the 
air contained 14 per cent, of carbonic anhydride, a candle 
would cease to burn in it. 

If we were to make an artificial atmosphere with 
carbon-dioxide, and the same quantity of free oxygen as 
is found in the natural one, in which man can live and 
candles burn with facility, the life of a man, as well as 
that of a candle, would be an impossibility. I shall now 
make a specimen of such an atmosphere, and show you 
that it will extinguish a lighted candle or taper, and 
therefore would also extinguish your lives — do not look 
frightened, as I am not going to experiment on any of you. 

For this purpose I mix together (by transference over 
the pneumatic trough) four volumes of carbonic anhy- 
dride and one volume of oxygen. Here is the mixture, 
and if I now plunge a lighted taper or candle into it you 
will see it go out. There, it’s gone ! Carbonic anhydride 
is, consequently, said to be neither a combustible nor a 
supporter of combustion ; and though this statement be 
true with reference to the ordinary materials used for 
fuel and illumination (coals, candles, &c.), yet it is not 

* The process by which animal respiration (on which life 
depends) is carried on is a kind of slow combustion — i.e. combustion 
without light, and is called eremacausis. 
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absolutely true, as maybe experimentally demonstrated as 
follows : — 

Here is some of the metal magnesium in the form of a 
ribbon. I take a piece of this and fasten it to a cork 
which exactly fits this large deflagrating jar, full of 
carbonic anhydride. Now holding this piece of ribbon 
magnesium in the flame of a lamp till it begins to burn 
brightly, I then plunge it into the jar of gas ; you will 
now observe that the carbon-dioxide supports the combus- 
tion of magnesium wire, which burns most brilliantly in 
it — with the production of (those white flakes) oxide of 
magnesium, carbon at the same time being separated, or 
set free, as a consequence of oxygen which was originally 
combined with the carbon having left it for the magne- 
sium. Those black particles you see are carbon : they 
may be collected by adding to the oxide of magnesium 
water, acidulating the mixture with hydrochloric acid 
and filtering; the carbon, being an insoluble body, is left 
on the filter. 

Hydrogen, too, has been called an extinguisher of 
combustion, still a jet of oxygen may be burned in an 
atmosphere of hydrogen. 

We may, therefore, conclude that combustion is a 
phenomenon which results from the chemical action of one 
substance upon another , and this, we know, is always 
accompanied with the evolution of heat, and frequently 
of light. 

Carbonic anhydride is evolved during the respiration 
of animals in large quantities. About 4 per cent, of the 
air we exhale consists of carbonic anhydride. I will now 
show you that expired air contains carbonic anty dride. As 
lime-water is the common test for this gas, if I pass some 
expired air through lime-water by means of a tub e(exhaling 
the air that has done its work in my lungs through the tube, 
and inhaling fresh air through my nose) the clear lime-water 
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ought to become milky if the exhaled air contain carbonic 
anhydride — wait a bit — there it is ! You observe that the 
liquid which was quite clear and sparkling a minute ago, 
has now a milky appearance, owing to the formation of 
an insoluble fine white mud, — precipitated calcium car- 
bonate (CaC0 8 ) — which proves that carbonic anhydride 
is present in the air which escapes from my lungs during 
respiration: and the same is true of you and of all 
breathing animals. 

Let us now try what effect an additional quantity of 
carbonic anhydride will have on the calcium carbonate 
formed in the last experiment. Continuing to paBs 
carbon-dioxide (from the generating bottle) through the 
now turbid liquid, for some time after all the calcium has 
been precipitated as carbonate, I restore the liquid to its 
original clear and sparkling condition. The precipitated 
calcium carbonate is dissolved by the excess of carbon- 
dioxide, which converts the insoluble * carbonate into a 
soluble salt called hydro-calcium carbonate , also named 
bicarbonate of calcium . If, now, I heat this clear solution, it 
again becomes turbid owing to the added carbon-dioxide 
evaporating with the water, — the insoluble carbonate 
being again left behind. Water impregnated with 
carbonic acid gas dissolves the insoluble carbonate, and 
this dissolved carbonate is found in the waters of all lime- 
stone districts. During ebullition the excess of carbon- 
dioxide is driven off, and there is left the insoluble 
carbonate which forms those troublesome incrustations so 
often found in boilers and kettles. Even by exposure to 
sunshine the excess of carbon-dioxide is evaporated, and 
consequently the soluble becomes converted into the in- 
soluble (crystallized) carbonate of calcium. This process 

* The term insoluble without qualification means insoluble in 
water alone . 
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is continually taking place in Nature wherever streams 
of water containing the dissolved carbonate are exposed 
to the air, the deposit being called Calcareous Tufa when 
it occurs as a porous mass with cellular structure , and 
Travertine when its structure is compact The latter 
variety occurs abundantly in Italy, where it is used as a 
building stone.* The stalactites and stalagmites , which 
are found in limestone caves and arches, originate in a 
similar way. 

Green plants are endowed with the power of decompos- 
ing carbon dioxide, 
that is, of separating 
it into its elementary 
constituents, carbon 
and oxygen. The 
carbon is retained and 
assimilated by the 
plants, the oxygen 
being setfrce. The pro- 
cess of decomposition 
is carried on only in 
the presence of sun- 
light ; during the 
night this process of 
assimilation ceases, t 
This remarkable 
power possessed by 
plants of splitting up 
carbon-dioxide, ab- 
sorbing its carbon and 
setting free its oxygen, 

* The celebrated temples of Rome are constructed of Travertine, 
f The respiratory process by which plants, like amimals, take in 
oxygen and exhale carbon-dioxide goes on at night as well as by day, 
but in day-light the carbon-dioxide thus given out is at once decom- 
posed and its carbon assimilated, while its oxygen is set free. 

U 
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may be experimentally illustrated by putting this freshly 
cut plant( with green leaves) into a tray of water and cover- 
ing it with a large jar of water saturated with carbonic acid 
gas, and then exposing the whole apparatus to the light 
of the sun. As it requires several hours* exposure to the 
sun to obtain the test-tube half full of oxygen by the pro- 
cess of decomposition, the experiment cannot be com- 
pleted during our lecture hour. My assistant will now 
place it in the garden, and if you will come back here 
after the lapse of a couple of hours, I expect I shall be 
able to show you that the gas which will then occupy the 
test-tube will have properties different from those of the 
gas which now occupies it,* and, instead of extinguishing 
a taper, as the gas now there would do, will then cause 
the taper to burn more brilliantly ; it will also lose its 
property of giving a milky appearance to lime-water ; in 
fact, instead of carbon-dioxide, we shall then have 
oxygen in the tube. 

Under a pressure of 35J atmospheres at the temperature 
0° C., carbon dioxide gas is converted into a clear liquid, 
similar in appearance to water. When the pressure is 
removed from the liquid, a large quantity of it suddenly 
becomes vapour, and the cold produced by the evapora- 
tion freezes the remainder into a snow-like crystalline 
solid, having a temperature of about — 78° C. This solid, 
when dissolved in ether, is used as a freezing mixture for 
bodies which require a great reduction of temperature to 
make them solidify. Such a mixture is one of the most 
powerful means yet discovered for the production of cold 
(i.c. for the abstraction of heat). A temperature as low 
as — 110° C. can be obtained by the volatilization of solid 

* Though the tube is full of water, it is also full of carbonic acid 
gas, for water dissolves its own volume of this gas. 
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carbonic-dioxide and ether within the exhausting receiver 
of an air-pump.* 

CARBON-MONOXIDE. 

Molecule, CO = 28 ; Density = 14. 

Carbon-monoxide (or carbonic oxide) does not occur in 
Nature ; it is altogether an artificial product. 

Preparation.— This gas is easily prepared from carbon- 
dioxide, either by removing half its oxygen, or by causing 
it to combine with an additional quantity of carbon. 
Thus — 

(1) CO,— O =CO. 

(2) CO, + C = 2CO. 

The first process may be illustrated by passing a stream 
of well dried carbon-dioxide through a red-hot iron tube ; 
the iron while hot deprives the carbon-dioxide of half its 
oxygen, and consequently converts it into carbon- 
monoxide. The decomposition which takes place is 
shown by the following equation : — 

4CO a + Fe„ — Fe 8 0 4 + 4CO. 

The second process is best illustrated by passing dry 
carbon-dioxide over red-hot charcoal contained in an iron 
tube, like a gun -barrel. In this way each molecule of 
carbon-dioxide parts with half its oxygen, which uniting 
with an atom of carbon forms a new molecule of carbon- 
monoxide. Thus — 

C0 2 + C - CO + CO, (- 2CO). 

Carbon monoxide is, however, usually prepared for ex- 
perimental purposes in the laboratory by heating hydric 


* The lowest temperature yet observed (viz. — 140 °0.) was obtained 
[by evaporating solidified nitrous oxide dissolved in carbon-bisul- 
phide under the exhausting receiver of an air-pump. 
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sulphate (sulphuric acid) on crystallized oxalic acid, 
C a H a 0 4 — (C 2 0 B H a 0). The hydric sulphate deprives the 
oxalic acid of a molecule of water H a O, leaving C a 0 4 , 
which cannot exist in the separate state, and therefore 
splits up into carbon-dioxide and carbon -monoxide — 

CjOg =* C0 2 CO. 


By shaking up the mixture with a solution of caustic 
soda or potash, the carbon-dioxide is removed in the form 
of carbonate of sodium or carbonate of potassium, and the 
monoxide alone is left behind. 

Here are some jars full of the gas ; it was prepared by 
the method just 
described, and col- 
lected free from 
carbon-dioxide by 
passing the mixed 
gases through a 
wash-bottle con- 
taining a solution 
of caustic potash 
(see Fig. 41). Fig. 41 . 

Properties.— You perceive that it is colourless, and 
almost odourless ; it has a poisonous action, like that of 
carbonic anhydride, on the animal economy — producing 
death if inhaled. It is even more poisonous than carbonic 
anhydride. A burning taper is, you see, extinguished 
when immersed in a jar of this gas ; but, like hydrogen, 
it burns* at the surface or where it is in contact with air. 
The colour of its flame is light blue . When mixed .with 



* Producing carbon-dioxide. 
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half its volume of oxygen and ignited, it explodes with a 
sharp report, producing the dioxide, CO a . 

In consequence of its strong affinity for oxygen, it forms 
a powerful reducing agent, and is employed as such in the 
large furnaces for reducing iron ore. The air being freely 
admitted at the bottom, the carbon of the burning coal is 
converted into carbon-dioxide, which in ascending through 
the furnace meets with more red-hot coals, some of the 
carbon of which throws itself into the carbon- dioxide and 
combines with half its oxygen, thereby reducing it to the 
state of carbon-monoxide : [CO* + G = 2CO] 

this gas (CO) then, meeting with the ores (oxides) of iron, 
takes up oxygen, and reverts to the state of carbon-dioxide 

Te^Oj} -|- SCO — SCOjj -f- Fe 2 

Carbon-monoxide is thus the chief agent in the deoxi- 
dation of the ore. When the smelter sees a blue flame 
ascending from the furnace, he knows that some of his 
reduebuj poiver is being wasted ; and therefore considers 
the appearance of this blue flame, at the top of the 
furnace, a sufficient signal to add more ore. 

When carbon burns in a limited supply of oxygen, 
carbon-monoxide is produced, as well as carbon-dioxide ; 
and, in consequence of the more poisonous effects of the 
monoxide, it is very injurious to health to do what some 
people are so apt to do in cold seasons — viz. to keep 
charcoal burning in dwelling-houses in open vessels without 
chimneys, such as braziers ( segris ) or such like contri- 
vances. Death frequently occurs from ignorantly using 
charcoal fires without sufficient ventilation. Suicides 
have sometimes adopted a similar method of cutting 
short their unhappy lives. 
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Familiar Carbonates . 


Sodic carbonate Barilla, washing soda NajCOi 

Hydric sodic carbonate Bicarbonate of soda NaHC0 8 

Potassic carbonate Potash, pearlash, salt of K 2 C0 8 

tartar 

Magnesic carbonate So-called ‘ magnesia ’ MgC0 8 

Galcic carbonate Chalk, marble, limestone, CaC0 8 

&c. 

Zinoio carbonate Calamine ZnC0 8 

Plumbic carbonato White lead ore PbC( > 8 

Ferrous carbonate Spathic iron ore FeC0 8 

Cupric carbonate Malachite CuC0 3 



CHAPTER XVIII. 


THE ATMOSPHERE. 

The atmosphere — from ar/abs (atmos) vapour, and 
a-<f>alpa (sphaira) a sphere — or aerial ocean that covers the 
earth, is neither an element nor chemical compound, but 
a mechanical mixture of gaseous (or aeriform) bodies ; it 
is, therefore, not represented symbolically . From the 
time of Aristotle till the latter part of last century, air 
was regarded as one of the four elements of which, as the 
ancients fancied, the earth was composed. Its true 
composition was first determined by Lavoisier. 

Composition.— You are already aware that the main 
constituents of the air we breathe are nitrogen and oxygen. 
The relative proportions of these gases present in the 
atmosphere have been well determined by Regnault, and 
the average result of his numerous analyses, conducted 
with the utmost degree of accuracy, is (per 100 parts) — 


By volume . By weight . 

Nitrogen 79*07 76*87 

Oxygen 20*93 23 T3 


10000 10000 

Or, in round numbers more easily remembered — 

By volume *. By iveight. 

Nitrogen 79 77 

Oxygen 21 23 


100 100 

The existence of small quantities of other gaseous bodies 
in our atmosphere has been proved by direct experiment. 

* As a means of recollecting, or rather of reproducing these num- 
bers should they be forgotten, the following approximate rule will 
be found useful: — Describe a square, and let it represent 100 
volumes of air ; inscribe a circle in this square. The circle will 
represent the proportion of nitrogen, and the corners of the square 
the proportion of oxygen, by volume (approximately). 
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The principal of these, and their relative proportions by 
volume, are as follow : — 

Carbonic anhydride About 4 parts in 10,000 of air, 

or *04 per cent. 

Moisture (aqueous vapour). Variable ; usually from 1 to 

1*5 per cent, in Great 
Britain. 

Ammonia Variable; usually only a trace. 

Nitric acid Found in the air which falls 

during a thunderstorm. 

Ozone Usually present in very 

minute quantities. 

Hydrogen sulphide A trace; the tarnishing of 

silver is an evidence of its 
presence. 

Traces of inorganic andl 

organic substances, as> Occasionally present, 
dust, &c. ) 

Of these, carbonic anhydride, moisture, and ammonia 
appear to be essential constituents of the earth’s atmo- 
sphere. The following table shows the average compo- 
sition of atmospheric air, taking account only of its 


essential constituents : — By volume. 

Nitrogen 78*00 

Oxygen 20*70 

Moisture 1*25 

Carbonic anhydride 0*04 

Ammonia Variable traces. 


99*99 

The constancy of the composition of the atmosphere* at 

* Notwithstanding the almost invariable composition of air, it is 
not a chemical compouud, but a mechanical mixture of the gases 
above enumerated. The following facts may be mentioned in sup- 
port of this statement : The proportions of its constituents are not 
atomic. Water dissolves air, and air so dissolved contains more 
oxygen in proportion to nitrogen than un dissolved atmospheric air. 
Its constituents are separable by diffusion. Its density and refran- 
gibility are the arithmetic means of those of its component gases. 
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different times, and in different places, is probably due 
to a variety of causes, such as heated currents, trade 
winds, the balancing actions of animal and vegetable 
life upon it, but more than all to the diffusive power of 
gases.* 

Such an atmosphere is necessary to the existence of 
life — animal and vegetable : its constituents (those which 
I have just enumerated) are of two kinds : — 

(1) Those which are essential to animals ; 

(2) Those which are essential to the growth of plants. 

The former class consists of oxygen and nitrogen, the 

latter of carbonic anhydride, ammonia and moisture — 
though, indeed, a moist atmosphere may be said to be 
quite as indispensable to the animal, as it is to the 
vegetable, kingdom. 

There are many methods of deter- 
mining the relative proportions of 
nitrogen and oxygen present in the 
atmosphere, the most accurate of these 
being the method of explosion in the 
Eudiometer from erStos (cuclios), good, 
and [X€rpov ( matron ), a measure.! 

This apparatus (Fig. 42) is first filled 
with water, some of which is then spilled 
out, and a quantity of air allowed into 
the open leg : the air is made to transfer 
itself into the sealed leg by skilfully 
inclining the apparatus. The volume 
of air contained in the apparatus (when 

* If gases did not possess the property of diffusion , the several 
constituents of our atmosphere would arrange themselves in layers 
in the order of their densities ; the carbon-dioxide (being tho most 
dense) would then cover ‘ the face of the earth,’ and make animal 
existence thereon an impossibility. 

f A measure of the goodness of air : its goodness depending on 
the quantity of oxygen it contains. 
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the level of the water in both legs is the same) is 
now read off. Let us call this volume F, which must 
not be above 66 per cent, of the volume of the graduated 
leg. The open leg is then filled with, and inverted over, 
water. Hydrogen is now passed into the eudiometer, 
the volume of which should not be less than half that of 
the air employed. I now close the mouth of the open leg 
with my thumb, and inclining the instrument, pass all 
the mixture into the sealed leg. When the water in 
both legs has the same level, I read the volume of the 
mixture which we shall call V '. Again, pouring water 
into the open tube till it is nearly full, I close it as before, 
leaving an elastic cushion of air under my thumb, and 
fire the mixture by means of an electric spark* from an 
electrophorus or Leyden jar. 

The explosion being over, I again bring the water in 
both legs to the same level and read off the residual 
volume, F". We know beforehand that when hydrogen 
and oxygen are exploded in this way they combine to 
form water, and therefore two volumes of hydrogen and 
one volume of oxygen disappear in the explosion ; conse- 
quently one- third of the loss by the explosion represents 
the volume of oxygen which has disappeared. 

But F ' — V" represents the diminution of 
V V' 

volume, therefore — g- — represent the 

oxygen contained in ( F) the volume of air 
experimented upon. 

A tolerably accurate determination of the 
relative proportions of nitrogen and oxygen in 
air may be made in the following manner : — 

Some air is introduced into a graduated 
tube standing over water (Fig. 43), and the 43 * 

* The spark passes through the platinum wires which are sealed 
into the upper portion of the closed tube. 
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volume* it occupies recorded. A little pellet of phos- 
phorus fixed to an iron wire is then inserted in the tube, 
and allowed to remain there for some hours — or till all 
the oxygen is absorbed. The phosphorus is then 
withdrawn by the wire, and the residual volume (after 
levelling the water inside and outside) is again read off. 
The diminution of volume is thus found to be nearly 21 
per cent. 

As ammonia is a gas, and is always produced during 
the spontaneous decomposition of azotizedt organic 
matter, it is natural it should be found in the atmo- 
sphere. When rain falls it brings the ammonia down 
with it ; and the following are the quantities of it found 
by different chemists in 1,000,000 grains of rain : — 

Grains. 

Bain in Paris during the last five months of 1851 (Barral) . . 3*4 ( JOO 

Rain at Liebfrauenberg in 1852 (Boussingault) 0*7410 

Bain at Rothamstead in 1853 and 1851 (Lawos and Gilbert) 1*0345 

These results indicate,— what might indeed have been 
anticipated, — that the amount of ammonia in the air is 
snbject to considerable variation, and that it is highest 
in populous places, where the exhalations of decompos- 
ing animal matters are necessarily most abundant — 
(Apjohn). 

The existence of moisture in the atmosphere is easily 
shown by putting some ice into a glass vessel and allow- 
ing it to stand in a warm place for a short time, when 
the vapour of water will condense like dew on the outer 

* The volume must be read off when the water, inside and outside 
the tube, stands at the same level. 

f That is, containing azote or nitrogen. — S.C. 

} The presence of ammonia in the atmosphere may be detected by 
drawing a large volume of air (by means of an aspirator) through 
hydrochloric acid, with which it forms ammonio chloride, which 
when treated with caustic lime gives off ammonia gas (HN 8 ), 
recognisable by its odour and the white fumes it gives with a rod 
moistened with HC1. 
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surface of the glass ; there ! now you can see little drops 
of water sticking on to this glass ; — and by exposing a 
known weight of calcium chloride or of dihydric sulphate 
(bofch of which possess great power of absorbing water) 
in a confined portion of air, for a few hours, the weight 
of the exposed substance will be increased, and thus the 
quantity of absorbed water can be ascertained. 

The presence of carbonic acid gas in the atmosphere 
may be demonstrated by exposing a solution of lime-water 
or (better still) baryta-water in an open vessel to the air. 
The clear solution becomes turbid after a while, in 
consequence of the carbon -dioxide entering into combi- 
nation with the lime or baryta, thus forming an insoluble 
carbonate. 

This result can be obtained more quickly by drawing a 
current of air, by means of an aspirator, through lime or 
baryta water, when the clear liquid rapidly becomes milky 
in appearance, owing to the formation of calcium or 
barium carbonate. 

The quantity of carbonic anhydride in any given 
volume of air is usually found by passing the air 
(previously dried) through a known weight of a solution 
of caustic potash ; when all the air has passed through, 
the increase of weight in the potash solution is the 
weight of carbonic anhydride present. 

Properties. —I must now explain to you the useful 
properties of the several constituents of atmospheric air. 
First, then, we have nitrogen and oxygen. These, I have 
said, are essential to animals. That oxygen is essential 
to animal life can easily be proved by inserting a small 
animal in a jar of air deprived of its oxygen. Oxygen, 
then, is the gas whose presence in air gives it 
the power of supporting animal respiration.* Animals 

* Recent investigations havo shown that oxygen is quite as neces- 
sary to the respiration of plants as it is to that of animals. 
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inhale oxygen, which, meeting with the venous blood 
in the lungs, combines with and rapidly oxidizes it. 
This renewed blood is then sent through the body as 
arterial blood ; it is again returned to the lungs, by the 
veins, charged with an excretion of carbon- dioxide, which 
is finally exhaled into the atmosphere. This process 
goes on continually, so that the respiration of animals 
forms a constant source for the supply of carbon-dioxide 
to the atmosphere. 

The use of nitrogen in the atmosphere is not so obvious 
as that of oxygen. In consequence of its inertness and 
negative qualities, nitrogen is commonly regarded as a 
very indifferent body. In a former lecture we learned 
that nitrogen and oxygen do not readily combine with 
each other, and that though they may be made to do so 
at a very high temperature (and actually do combine in 
small quantities to produce nitric acid during a thunder- 
storm), yet the heat evolved during their combination is 
insufficient to continue the same : consequently, an 
atmosphere of nitrogen and oxygen cannot easily be set 
on fire; it is, therefore, a safe medium in which to ‘ live, 
and move, and have our being.’ 

Suppose that, in place of having nitrogen or nitrogen 
and oxygen, we had pure oxygen as our atmosphere, 
what would become of us ? You know very well that a 
piece of iron lit in a jar of oxygen goes on burning to the 
end. When you see a fire in an iron grate, imagine 
where the grate would go to if the whole of the atmos- 
phere were oxygen. The grate would burn up more 
powerfully than the coals ; for the iron of the grate itself 
is even more combustible than the coals which we burn 
in it. A fire put in the middle of a locomotive would be 
a fire in a magazine of fuel if the atmosphere were 
oxygen. — (Faraday. ) 
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As animal life and heat are maintained by a kind of 
slow combustion, which we call eremacausis — i.e . com- 
bustion without flame — it is plain that if animals be 
compelled to breathe pure oxygen, the chemical action 
to which life is due would become so rapid as to throw 
them into a state of feverish excitement, which would, 
no doubt, prove fatal. Life would thus become shorter 
than it is in our present atmosphere. We may therefore 
conclude that the object of nitrogen is to dilute the 
oxygen, so as to prevent too rapid a consumption of life 
and fuel.* 

The compensating actions of the animal and vegetable 
kingdoms on each other, and the duties performed in the 
latter by the moisture, carbonic anhydride and ammonia 
of the atmosphere, are thus described by a modern 
writer of high reputation! : — 

4 The natural food of plants consists chiefly of water , 
carbonic acid and ammonia , together with small quantities 
of mineral salts varying with the kind of plant. The 
natural excretions of the animal kingdom consist of 
water , carbonic acid and urea f which is rapidly converted 
into carbonate of ammonia , together with some mineral 
salts, in general similar to those used in the food of plants, 
such as phosphates and other salts of magnesia, soda, 
potash, &c. These two kingdoms of Nature thus com- 
pensate each other’s action, the excretions of one forming 
the food of the other, and vice versa. The carbonic acid 
excreted by the lungs of animals and produced by the 
combustion of ooal and wood becomes a constituent part 

* * Nitrogen, however, also serves an important purpose in the 
economy of nature, by increasing the volume of the atmosphere 
without conferring upon it active chemical properties. Provision is 
thus made for the occurrence of winds, the tempering of climate, 
the diffusion of heat, the scattering of the sun’s light, and the 
realization of other useful ends essential to the welfare of man and 
the other living inhabitants of the globe.’ 

f Professor Haughton, of Dublin. 
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Pressure of the atmosphere 
(at different heights). 



* Assimilation would probably 


OF PLANTS, &0. 

of the air we breathe, and 
would destroy animal life 
if it attained to four per 
cent, of that air : but by 
the wonderful compensa- 
tion of the vegetable king- 
dom it is absorbed by the 
leaves of plants in respi- 
ration,* and resolved into 
carbon and oxygen ; the 
former of which becomes 
fixed in the woody fibres 
of the plant, while the 
oxygen is given back to 
the atmosphere, and ren- 
ders it again fit for the 
respiration of animals. 
The urea excreted by the 
kidneys of animals is 
rapidly converted into car- 
bonic acid and ammonia, 
both of which are dis- 
solved by moisture and 
conveyed to the roots of 
plants, whence they are 
pumped up by cndosmotic 
force into the leaves.’ 

Pure air is colourless, 
tasteless, odourless ; it is 
14*47 times as heavy as 
hydrogen, — the weight of 
1 liter at standards being 
1*293187 gram . 

The presence of dust in 
a more correct term. — S. C. 
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the air, reaching up to considerable heights, by its effect 
in polarizing sunlight, produces the blue colour of the 
sky, which we so frequently admire. Above the 
atmosphere the sky appears pitchy black. The atmo- 
sphere exerts an average pressure (at sea level) of 
1*0333 kilogram per square centimeter of area— or 
10*333 kilograms per square meter, which is the weight 
of a column of mercury 760 m.m. high, standing on 
a square base, each side of which is one meter in 
length. In the diagram on the previous page the column 
to the right gives the pressure of the atmosphere in 
pounds on the square inch at various well-known 
heights— starting with 14*7 lbs. on the square inch at 
sea level.* 

The atmosphere is supposed to extend to a height of 
about 45 miles: this supposition, however, is based on 
facts connected with the phenomenon of twilight. That is, 
the light which illuminates the atmosphere for some 
time both after sunset and before sunrise. It results 
from the reflection and refraction which the rays of 
light undergo in passing through the various strata of 
air, owing to which the light of the sun is dispersed by 
the atmosphere till he descends about 15° or 18° below 
the horizon. 


* As the height above sea level increases In arithmetic ratio, the 
density of the air decreases in geometric ratio. 
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COMBUSTION (FIRE AND LIGHT). 

Combustion in the general sense is but a relative term, 
and, as previously noticed, maybe applied to any chemical 
action whatsoever when accompanied with the evolution 
of heat. Ordinary combustion — or the fire which results 
from the burning of such combustible materials as coals, 
oils, candles, coal-gas, &c., in atmospheric air— is due to 
a violent chemical combination of the free oxygen of the 
air with the elements of the combustibles, or inflammable 
materials, by which both heat and light are evolved, and 
the chemical action thus produced is termed oxidation. 
Bodies which undergo combustion, i.e. burn in air, burn 
more brilliantly in pure oxygen, as we have already seen 
when examining the properties of that gas. 

It is commonly supposed that when any substance is 
burned, the matter of which it was composed is lost, or 
becomes annihilated. That this is a j)opular fallacy is 
easily proved by direct experiment ; the following simple 
experiments will, 1 hope, satisfy you Having carefully 
weighed a porcelain crucible containing a little metallic 
wire, I burn the wire by placing the crucible over a hot 
flame : — when burnt and allowed to cool, we shall find 
the crucible and its contents heavier than before the 
wire was burnt. Here then we see that there is no Loss , 
but on the contrary an actual increase of matter by 
burning the metal (magnesium), the increase being the 
weight of the oxygen which left the atmosphere to 
combine with the metal while burning, i.e . oxidising. A 
similar experiment may be made by burning phosphorus 

15 
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in air and weighing the produce of combustion. Or we 
may burn a candle in a tube and collect and weigh the 
carbonic acid and waters produced by its combustion. * 
In all cases the products of combustion (though generally 
gaseous and invisible) will be found to be heavier than 
the original materials burnt. 

The definite initial temperature (differing for different 
substances) necessary to start the combustion of a com- 
bustible body is termed its igniting point. As the 
intensity of the heat evolved by the same combustible 
materials depends on the rapidity of combination, so the 
rapidity of combination depends on the rate at which 
oxygen, and therefore air, is supplied. The only difference 
between combustion and explosion is rapidity of combina- 
tion. The effect of chimneys is, by creating a draught, 
to increase the quantity of air supplied in a given time, 
and thus increase the rapidity of combination, and there- 
fore the intensity of the heat obtainable. 

From experiments conducted on the top of Mont Blanc 
by themselves, Dr. Frankland and Professor Tyndall 
have determined the influence of height on combustion. 
They found that the illuminating power of a candle flame 
was greatly diminished,! but that strange to say, the 
quantity of material consumed in a given time was the 
same on the top of the mountain as in the valley below. 

Ordinary combustible materials, those which are used 
for heating and illuminating purposes (coals, wood, oils, 
candles, coal-gas, &c.) are chiefly composed of carbon 
and hydrogen, and their compounds termed hydro- 
carbons , as Marsh gas (CH 4 ), Olefiant gas (C a H 4 ), and Oil 
gas, &c., &c. 

* By passing the gaseous products through a oaustic potash tube 
attached to the tube containing the candle, the water and carbonic 
acid remain in this tube. 

fTDhe difference of illuminating power evidently depended on 
difference of pressure. 
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The fire which accompanies combustion is either 
incandescence or flame ; it is termed incandescence (or 
glow) when the burning body is not converted into the 
gaseous state before combustion actually takes place '' ; 
it is called flame when the body attains the gaseous 
condition before rapid combustion ensues. . Flame, then, 
in the ordinary acceptation of the term, is a column of 
highly heated gas undergoing combustion by combining 
with the oxygen of the air. 

All flames are not equally luminous, and the principle 
upon which all practical methods of illumination depend 
is, that a heat-producing material and an incandescent solid 
should exist in the substances employed for illumination, 
and that the burning of the former should set free the 
latter, yielding at the same time, by combustion, the 
necessary temperature to render it luminous. Thus with 
coal gas t which is a mechanical mixture of several gases, 
chiefly hydro-carbons, t the hydrogen of the hydro- 
carbons, as in the case of Olefiant gas, first enters into 
union with the oxygen in the air, and by its combustion 
yields heat sufficient to make the carbon, which in a fine 
state of division pervades the flame for a time, glow ; it 
is to the presence of this incandescent carbon that the 
great illuminating power of the flame is due. The carbon 
finally combines with oxygon and passes away as carbon- 
dioxide. More solid carbon is separated from its combi- 
nation with hydrogen, as more gas is burned, thu3 
keeping up a continuous light-giving flame. J I shall now 

* Some bodies, such as platinum, lime, &c., became incandescent, 
without burning, when intensely heated ; a platinum wire or a piece 
of lime may be made white hot without undergoing any chemical 
change. 

+ Consisting of Marsh gas CH 4 , Olefiant gas C a ll 4 , and other 
hydro-carbons of the general formula C n H 2 n. 

J Frof . Frankland has recently shown that a luminous flame may 
be obtained, wiOioiit incandescent solid particles , by burning gases 
under increased pressure. 
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prove these statements by experiments on Marsh and 
Olefiant gases, samples of which are being prepared 
before you on the table. They are the two most import- 
ant compound gases contained in the complex mixture 
known as coal-gas. Marsh gas is prepared by heating 
together sodium acetate and sodium hydrate in a copper 
retort— NaC a H 8 O a + NaHO - CH 4 + Na a CO a . Olefiant 
gas is obtained by heating alcohol with oil of vitriol in a 
flask fitted with a delivery tube — C a H 6 0+H a S0 4 =«C a H 4 + 
H a O, H a S0 4 . A good mixture for preparing Olefiant gas is 
1 vol. of alcohol and 4 vols. strong oil of vitriol mixed 
with sand to prevent frothing up. 

Both these gases extinguish the taper, but like hydrogen 
burn at the surface of contact with air ; and when mixed 
with oxygen form explosive mixtures. Olefiant gas is an 
illuminating body, for it deposits carbon on being strongly 
heated (as when it is burning), evidenced by its deposit- 
ing soot on any cold body which is introduced into the 
flame. 

The light evolved during combustion having been 
satisfactorily accounted for, it remains to notice some of 
the recent theories which have been put forward to 
account for the heat of combustion, on which the light 
evidently depends, — as bodies raised to a high tempera- 
ture always emit light. 

Two chemists, named Craufurd and Irvine, suggested 
that the heat evolved during combustion might be ac- 
counted for by the doctrine of specific heats. They main- 
tained that the heat evolved during the formation of a com- 
pound by combustion was due to the specific heat of the 
compound being less than the mean of the specific heats of 
its components. This theory does not take into account 
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the heat absorbed or evolved when a body undergoes a 
change of state, and is consequently considered defective. 

Another very ingenious theory, first announced by Ber- 
zelius and Davy, and afterwards supported by the 
celebrated Frenchman Ampere, is thus concisely explained 
by Professor Apjohn : — 1 The atoms of all bodies have 
peculiar electric states, which they never lose, some 
being negative and some positive. Each atom, 
however, is encompassed by an atmosphere of electric 
fluid of an opposite nature to its own, and which is pro- 
duced around it upon the principle of induction. Dis- 
similar atoms combine chemically in virtue of being in 
opposite electric states, and the light and heat attendant 
upon their combination are, like those of the common 
electric spark, due to the union of the electricities of the 
electric atmospheres which combine with and neutralize 
each other. 

Professor Tyndall, in extending Waterston's meteoric 
theory of solar heat from the Sun and Plauets to chemical 
atoms , appears to ascribe the heat of combustion to the 
clashing together of atoms, by which their motion is con- 
verted into heat — as the following quotation from his 
celebrated work 1 Heat a Mode of Motion ’ will show : — 

* A diamond is pure carbon, and carbon burns in 
oxygen. Here is a diamond, held fast in a loop of 
platinum wire ; heating the gem to redness in this flame, 
I plunge it into this jar, which contains oxygen gas. See 
how it brightens on entering the jar of oxygen, and now 
it glows like a little star with a pure white light. How 
are we to figure the action here going on ? Exactly as 
you would present to your mind the idea of meteorites 
showering down upon the sun. The conceptions are, in 
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quality, the same, and to the intellect the one is not 
more difficult than the other. 

You are to figure the atoms 
of oxygen showering against 
this diamond on all sides. 

They are urged towards it by 
what is called chemical 
affinity ; but this force made 
clear presents itself to the 
mind as pure attraction, of 
the same mechanical quality, 
if I may use the term, as 
gravity. Every oxygen atom 
as it strikes the surface, and 
has its motion of translation 
destroyed by its collision 
with the carbon, assumes the motion which we call heat ; 
and this heat is so intense, the attractions exerted at 
these molecular distances are so mighty, that the crystal 
is kept white-hot, and the compound, formed by the union 
of its atoms with those of the oxygen, flies away as car- 
bonic acid gas/ 

The flame* of a common candle was long a problem for 
the study of chemists, till Davy by dissecting it revealed 
its true structure. The flame of a candle is essentially 
the same in nature as that of a jet of coal-gas, and 
may be divided into three distinct conical spaces . First, 
there is a visibly dark conical core of unburnt gas. This 
is technically called the area of no combustion , and is 
represented by the space marked a in Fig. 45. 
Secondly, there is a luminous cone immediately surround- 
ing the dark, or non-luminous one. This luminous cone 

* In its widest sense by flame we denote a oolumn of highly- 
heated gas undergoing combustion, by chemically combining with 
/tome other gas. 
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deposits soot when its temperature is reduced by the 
introduction of a cold body into it. This second cone is 
therefore termed the area of 
partial combits tion ; it is repre- 
sented by the white space marked 
b in the figure. Thirdly, there 
is an outer cone, scarcely visible 
but much hotter than the inner 
luminous one ; this third cone is 
termed the area of complete com- 
bustion, since in it the carbon is 
completely burnt, producing the 
gaseous compound carbon dioxide 
which flies away as fast as formed. 

This cone is represented by the 
space marked c in the accompany- Pig. 45. 

ing figure. 

When a current of air is forced into the flame of a 
candle by means of a mouth blowpipe (see Fig. 46), the 
* area of no combustion ' cannot exist,* while the 1 area 
of complete combustion ' becomes mingled with an excess 
of oxygen. The ordinary flame is thus converted into 
two zones : an inner one — which, owing to the presence 
of incompletely oxidized hydrocarbons, has a powerful 
reducing action on metallic oxides — termed the reducing 
flame ; and an outer one, technically called the oxidizing 
flame , as in consequence of the excess of oxygen supplied, 
in conjunction with the high temperature resulting from 
complete combustion, it possesses great power of oxidizing 
bodies brought into its zone. Thus a small piece of lead 

* As the oxygen contained in the current of air causes a partial 
combustion of the hydrocarbons which, under ordinary circumstances, 
form the conical core of unburnt gas. 
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is rapidly oxidized when held in the tip of the outer flame, 
while the oxide thus formed is again reduced to the 
metallic state when supported, on charcoal, in the inner 
(or reducing) flame for a few seconds. 



The blowpipe is an instrument much used by practical 
chemists in testing the nature and qualities cf mineral 
substances.* 


Distillation of Coal and Wood. 

When coal is subjected to dry distillation in iron or 
clay retorts from which air is excluded, the coal becomes 
resolved into a great variety of new bodies ; this process 
is known by the term destructive distillation , though the 
coal is not actually annihilated, but new products are 
formed by the re-arrangement of its atoms. 

* The blow-pipe characters of the common metals will be found 
in the Author’s Test Tables for Analysis. 
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The new products formed may be arranged in four 
classes : — 

1. Coal-Gas:— Consisting of a variety of gaseous com- 
pounds. 

2. Coal-Tar:— A strong smelling oily black liquid. 

3. Ammonial Liquor, or Gas water Containing salts 
of ammonia. 

4. Coke The residue left in the retorts. 

The full description of the methods of preparing coal- 
gas belongs to a work on Technical Chemistry. I will 
not attempt more here than to give a brief summary of 
its composition and properties. 

The crude gas may be said to consist of a mechanical 
mixture of the following gaseous bodies : — 


Name . 

Molecular 

Approximate 


formula. 

percentage. 

Hydrogen 

H, 

45'5 

Marsh gas 

ch 4 

349 

Olefiant gas 

c,h 4 

4*1 

Oil gas 

C.H. 

2*4 

Carbon monoxide .... 

CO 

66 

Carbon dioxide 

CO, 

3-7 

Hydrogen sulphide . 

H,S 

03 

Nitrogen 

N, 

2.4 

Ammonia 

h„n 


Cyanogen 

(CN), 


Benzole vapour 

C.H, 


Naphthalene vapour . 

CA 


Carbon disulphide vapour CS s 


Water vapour 

HO, 



Many of these gases do not burn, and would, therefore, 
be better removed, while others, such as carbon disulphide 
and hydrogen sulphide, are very offensive in odour, and 
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would also yield irrespirable products by combustion. 
Hence the necessity for a complicated process of 
purification of crude coal-gas, before being employed for 
the illumination of our houses and the heating of our 
stoves, &c. 

Purified coal-gas will usually contain hydrogen, marsh 
gas, olefiant gas, oil gas and other vaporous hydro-car- 
bons, also carbon monoxide and nitrogen ; the relative 
proportions in this mixture depending principally on the 
quality of coal used in the manufacture. From what we 
have already studied in reference to combustion it appears 
that the value of coal-gas, as a source of light, must 
depend on the nature and amount of its hydro-carbon 
constituents. By means of a Bunsen’s burner, with 
which I shall now proceed to experiment, 1 will show you 
how I may, at will, produce either a luminous or a heat- 
giving flame. The lighted taper is extinguished when 
immersed in a vessel filled with coal-gas, but like hydrogen 
the gas burns at the surface or where it is in contact with 
air. When mixed largely with air it assumes a violently 
explosive character; hence another danger arises in 
leaving gas jets open at night in bed chambers, in addition 
to its irrespirable and poisonous properties when inhaled 
in large quantity. 

Wood-Gas In many towns on the continent of 
Europe, gas obtained from the destructive distillation of 
wood is used as a substitute for coal-gas ; but its illumi- 
nating power, owing to its containing less of the heavier 
hydro-carbons, is much inferior to that of average 
coal-gas. By comparing the relative composition of wood 
and coal we find that the former contains a much larger 
proportion of oxygen than the latter, and hence the 
products obtained from its destructive distillation are 
naturally more highly oxidized (or so to speak already 
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partially burned). They consist of a mixture of the 
oxides of carbon, water, hydrogen, and marsh gas, also 
acetio (pyroligneous) acid, wood naphtha (wood spirit) 
and wood-tar, &c., ic. On this subject we cannot go 
further without trespassing on the bounds of Organic 
Chemistry. 


Approximate Analysis of Wood and Coal. 



Carbon. 

Hydrogen. 

Oxygen. 

Nitrogen. 

Wood (dried oak) .... 

51 '5 

5*8 

42-4 

0*2 

Goal (Bituminous) . . 

79-5 

5*5 

18-0 

1*9 


Though I can now give you credit for a better knowledge of tho 
four ancient elements— earth, water, air, fire— than the Ancients 
themselves possessed, yet I am bound to warn you of the possibility 
of a return, in the near future, to the theory of the more ancient 
philosophers, who held that there exists but one variety of material 
— the essentia , or essence of matter. Already we have arrived at 
the 1 Periodic Law * of Mendolejefif,* which maintains that the pro- 
perties of an element are functions of its atomic weight. And if, 
in addition, we admit the truth of F rout’s hypothesis (known as 
Prout’a law), that the atomic weights are all multiples by whole 
numbers of that of Hydrogen, we see how near we approach the idea 
of the unity of matter. 

* A tabular statement, illustrative of the Periodic Law, will be 
found overleaf. It is also known as Newlands’ and Mendelejeff’g 
law. Newlands was the first to suggest that, when arranged in the 
order of their atomic weights, the elements show a periodic 
recurrence of similar properties . Thus a natural classification of 
the elements into groups, similar to the smaller groups already 
noticed, is possible. 
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CHEMICAL GYMNASIUM. 

1. The average height of the standard barometer at 
sea-level in the latitude of Paris is 760 m.m. Reduce 
this to its equivalent in inches. Answer, 29*922 inches. 

2. The average pressure of the atmosphere is estimated 
at 10*333 kilograms per square meter of surface. Find 
the corresponding pressure in kilograms per square 
centimeter. Answer, 1*0333 kilograms. 

3. How many millimeters are equivalent to 33 inches ? 
Answer, 762. 

4. Name the measures of length which are longer 
than the meter, and convert them into their English 
equivalents. 

5. Convert 33,000 foot-pounds per minute into kilo- 
grammeters per second. Answer, 76 nearly. 

6. Write out the tables of th9 Metric System in as 
small a space as you can, consistent with perspicuity and 
exactness ; and briefly contrast its advantages as 
compared with the old English system of weights and 
measures. 

7. How many cubic feet are there in 105 cubic 
meters ? Answer, 3708*3. 

8. The length of Mont Cenis tunnel is about 12*2 
kilometers. Find its length in English miles. Answer, 
7*58. 

9. How would you find the number of centimeters in 
the edge of a cube whose volume is a hectoliter ? 

Answer, i! 
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10. Convert 25° Centigrade into its equivalent in 
Fahrenheit degrees. Answer, 77° F. 

11. Convert 30*2° Fahrenheit into its equivalent on 
the Centigrade scale. Answer, — 1° C. 

12. Convert — 15° C. into its equivalent in Fahrenheit 
degrees. Answer, +5° Fahrenheit. 

13. The volume of 16 grams of oxygen at 0° C. and 
760 m.m. pressure is 11*2 liters . Calculate the volume of 
16 grains of oxygen (under the same conditions of tem- 
perature and pressure), in cubic inches . Answer, 44*3 
nearly. 

14. The old English unit of heat being the amount of 
heat necessary to raise the temperature of one pound of 
water through 1° Fahrenheit, find the ratio of this unit 
to the French unit of heat, — or one degree of heat, as de- 
fined in Chapter II. Answer, 50 : 198, or 1 : 4 nearly. 

15. Find the ratio of a foot-pound (or English unit of 

work) to a kilogrammeter (or French unit of work). 
Answer, 1 : nearly. 

16. What are the three physical states in one or other 
of which all varieties of matter exist? Describe the 
viscous condition. 

17. Distinguish between molecular attraction and che- 
mical affinity ; in what respects do they agree, and how 
do they differ ? 

18. Give concise definitions of (a) one degree of heat , 
(b) specific heat , (c) latent heat . Of all known substances 
which has the greatest capacity for heat ? 

19. Distinguish between a degree of temperature and a 
degree of heat — giving illustrations. 

20. It is a general maxim in chemical science that 
•extension and rarefaction occasion cold, but that conden- 
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sation and compression produce beat. Illustrate this by 
examples. 

21. How many degrees of heat are evolved by the fall 
of 50 kilograms from a height of 1,000 meters? 

22. What volume would a cubic foot of air (air being 
supposed incondensable) occupy at the temperature 
— 273° C.? 

23. Define the following terms in accordance with the 
modern system of Chemistry : — atomic weight, atomic 
volume, molecular weight, molecular volume, vapour-den- 
sity, one gas-volume, specific volume. 

24. Distinguish between the chemical and physical 
specific gravities of bodies. The chemical sp . gr. of steam 
is 9 : determine its physical sp. gr. 

25. Explain the meaning of the following symbols : 

H, 0, H a , 0 2 , H a O, HC1, H 3 N, NA. HN0 8 , 2(H a S0 4 ). 

26. Calculate the vapour-densities of the following 
bodies: — ice, hydrogen -chloride, ammonia, carbon-dioxide. 

27. State (a) the laws of combination, ( b ) the law of 
gaseous volume, (c) the law of gaseous diffusion. 

28. Describe the changes which the tension of a gas 
undergoes — 

(a) if subjected to a constant pressure, 

(5) if contained in a constant volume, 
while its temperature is being raised from 0° C. to 273° C. 

29. Explain the meaning of the terms electro- positive 
and electro-negative when applied to the Elements, 

30. When two bodies do not combine on being placed 
in contact, does that circumstance prove that they have 
no affinity for each other. Give a reason for your 
answer. 

31. Give a brief description of Dalton’s atomic theory . 
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32. Define the term crith ; and determine its weight 
both in grams and grains. 

33. Calculate the weight of 25 liters of carbonio 
anhydride at the standard temperature and pressure. 

34. What volume would 25 grams of hydrogen occupy 
at 15° C. and 725 m.m. pressure ? 

35. If the weight of the air contained in an air ther- 
mometer be *4645 of a gram, prove that FP®* absolute 
temperature. 

36. Calculate the weight of a hectoliter of dry air at 
15° C. and 720 m.m. mercurial pressure. 

37. Explain the meaning of the equation — 

TT/ _ *0321 Vp / combining weight > 
“'278 + V n J 

and show how to deduce it from first principles. 

38. — Explain what is meant by the replacing power of 
bodies. What is understood by the chemical equivalent of 
a body ? 

39. Distingu'sh between a salt and a compound radicle. 

40. Write a short note on the doctrine of chemical 
types . 

41. Explain the distinction between a rational and an 
empirical formula, giving illustrations. 

42. How may the empirical formula be obtained from 
the percentage composition ? 

43. Deduce the empirical formula of a substance 
which, on analysis, yielded the following percentage com- 


position : — 

Potassium 28*73 

Hydrogen 0*73 

Sulphur 23*52 

Oxygen 47*02 
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44. Find the percentage composition of the substance 
which is represented by the formula Ca^POi)* 

45. How is the rational formula of a substance deter- 
mined ? 

46. If a cubical box, holding 11*2 liters, be filled with 
hydrogen, oxygen, nitrogen, and chlorine, successively, at 
standards : how many grams of each gas would the box 
contain ? 

47. How many gas volumes are represented by the 
symbols H 2 , 0 3 , 2C1 2 , respectively ? 

48. What is meant by the term * standard pressure ’ ? 
What by ‘ one atmosphere * ? 

49. Explain the terms — acid , alkaline and neutral re- 
action. What are the three alkalis? 

50. Explain the use of the terms mono di-, and tri - 
basic , as applied to certain acids. 

51. What are the natural sources of hydrogen ? 

52. From whence is the name hydrogen derived ? 

53. Describe (at least) three lifferent processes for 
preparing hydrogen, and represent the decomposition in 
each case by symbols. 

54. What quantities of zinc and hydrogen sulphate 
must be employed to obtain 15 milligrams of hydrogen ? 

55. What volume would 27 grams of hydrogen occupy 
at the normal temperature and pressure ? 

56. What weight of hydrogen-gas (at 0° C. and 760 
m.m.) is required to fill a balloon of 22 hectoliters 
capacity ? 

57. What would be the ascensional force of the balloon 
(in last question) supposing it to weigh 1 kilogram when 
empty ? 

58. In what sense is Zn equivalent to H a ? 

16 
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59 . What are the principal characteristic properties 
of hydrogen ? 

60. Describe some experiments which serve to illus- 
trate the inflammability s of hydrogen in air. 

61. What is formed when hydrogen burns in air ? 

62. Describe some experiments in illustration of the 
extreme levity of hydrogen gas. How does an atmosphere 
of hydrogen affect sounds ? 

63. What are the natural sources of oxygen ? 

64. What is the origin of the name oxygen ? 

65. How, and by whom, was oxygen first prepared ? 

66. From what materials is oxygen now generally 
prepared ? 

67. Represent, in symbols, the decomposition which 
potassium chlorate undergoes under the influence of heat. 

68. What volume of oxygen gas (at standard tempera- 
ture and pressure) can be obtained from one kilogram of 
potassic chlorate ? 

69. How much chlorate of potassium must be 
employed to prepare one hectoliter of oxygen, at the 
normal temperature and pressure ? 

70. What weight of oxygen (at 0° C. and 760 m.m.) 
is required to fill a gasometer of 300 hectoliters capacity ? 

71. A bottle is filled with oxygen gas (at standard 
temperature and pressure), and then hermetically sealed. 
At what temperature would the elastic force of the 
oxygen be sufficient to burst the bottle, on the supposition 
that the bottle would burst if subjected to a pressure of 
2*0666 kilograms per square centimeter ? 

72. Describe in words, and represent in symbols, the 
effect of a red heat on pyrolusite. 
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73. What weight of pure manganese is needed to pre- 
pare one liter of oxygen, at the normal temperature and 
pressure ? 

74. Describe the principal characteristic properties of 
oxygen, especially in regard to combustion and respira- 
tion. 

75. What is ozone? What are its chief characteristic 
properties? Why are the properties of ozone especially 
interesting to chemists ? 

76. In what proportion does water dissolve oxygen 
gas? 

77. How would you show that hydrogen possesses a 
powerful affinity for oxygen ? 

78. How is it that a jet of pure hydrogen may be 
burned in the air, with perfect safety, whereas a mixture 
of hydrogen and air produces a dangerous explosion if 
ignited ? 

79. Explain the meaning of the term reducing agent 
as employed in chemical writings. 

80. Describe an experiment illustrative of the reducing 
action of hydrogen. 

81. How many grams of reduced copper can be ob- 
tained by the aid of 2 grams of hydrogen ? 

82. Describe the construction of Dobereiner's lamp, 
and explain its action. 

83. Explain the principle of the lime-light. For what 
purpose is it now usually employed ? 

84. With the aid of Priestley’s Philosophical Candle, 
a brass jet and a bladder full of oxygen, how would you 
produce the oxy-hydrogcn flame ? 

85. How may pure water be prepared from sea- 
water ? What is the process called ? What becomes of 
the solutions of carbonates thrown into the sea by rivers ? 

86. Of what elements is water composed ? 
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87. 1 In what proportions (by volume) are the elements 
of water united ? 

88. How did Cavendish determine the composition 
of water ? 

89. How may the original conclusion of Cavendish 
(with respect to the composition of water) be confirmed 
(a) by the method of analysis , ( b ) by the method of 
synthesis ? 

90. From the known composition of water by volume 
deduce its composition by weight . 

91. Write down the molecular formula of water, and 
show that it indicates its composition, both by weight 
and by volume. 

92. How did Dumas determine the percentage com- 
position of water? Give the average of his results. 

93. How much copper will be reduced in the forma- 
tion of 18 grams of water, and what volume of dry 
hydrogen (measured at standards) is necessary to reduce 
it? 

94. How many units of heat are developed by the 
complete combustion of one kilogram of hydrogen in 
oxygen? Supposing the process of combustion to occupy 
a second of time, to how many Horse Power is the work 
produced equivalent ? 

95. How does water afford a most striking illustration 
of the fact that compound bodies possess properties 
different from those of their components ? 

96. Describe the principal physical properties of 
water. 

97. What are hydrates ? Illustrate your answer by 
an example. Give an example of an aquate. 

98. Explain what is meant by — (a) water of crystalli- 
zation, (b) constituent water. Give examples in illustra- 
tion. 
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99. Describe, carefully, the effects produced on 
water — (a) by gradually raising its temperature from 
0° C. to 1° C. ( b ) by gradually lowering its temperature 
from 4° C. to 0° C. 

100. What is the temperature on the Fahr. scale 
corresponding to the maximum density of water ? 

101. Explain how it is that fishes can live in the 
waters of those seas which are constantly frozen over 
for several months of the year. 

102. Explain what is meant by a saturated solution . 

103. A block of Wenham Lake ice weighs 50*8 kilo- 
grams : what is its volume ? 

104. When a liquid solidifies it evolves heat : how 
may this statement be verified experimentally ? 

105. Gan water exist in the liquid state at a lower 
temperature than that of melting ice ? 

106. What happens when water at the temperature 
100° C. is placed on a fire ? 

107. Under what general conditions does water enter 
into ebullition ? 

108. Explain how water may be made to boil by the 
abstraction of heat. 

109. What is the latent heat of water ? 

110. Define the boiling point of water. 

111. What is evaporation ? 

112. Why is water called a neutral oxide ? 

113. What are the natural sources of nitrogen? 

114. Describe two essentially different methods of 
separating nitrogen from atmospheric air. 

115. How may it be proved that nitrogen is an essen- 
tial ingredient of animal tissue ? 

116. Represent, in symbols, the decomposition which 
ammonium nitrite undergoes on being strongly heated. 
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117. Describe briefly the principal characters by which 
nitrogen gas may be recognised. How may it be distin- 
guished from carbonic anhydride ? Describe the oxides 
of nitrogen. How is nitric acid related to them ? 

118. Mention the names of the natural varieties of 
carbon, and state the uses of each variety. 

119. How may it be proved that the diamond consists 
of pure carbon ? 

120. How should a diamond be cut — (a) so as to form 
a rose, (6) so a3 to form a brilliant ? 

121. How would you estimate the value of a diamond 
under 20 carats weight ? 

122. In what kind of rocks, and in what parts of 
the world, are diamonds usually found ? 

123. Where was the celebrated ‘ Kohinoor ’ found ? 

124. Describe the appearance and properties of 
anthracite. 

125. Mention the names of, and describe the modes 
of preparing, the principal artificial varieties of carbon. 

126. For what purpose is animal charcoal used by 
sugar-refiners ? How is it made ? 

127. What is ivory-black ? 

128. What is lamp black ? What is soot ? 

129. Of what materials is printing ink composed ? 

130. Describe the properties of charcoal, especially 
those which make it a valuable material for water filters. 

131. Account for the occasional spontaneous combus- 
tion of heaps of charcoal. 

132. How many 1 degrees of heat ’ are evolved by the 
complete combustion of 12 grams of pure carbon in 
oxygen ? 
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133. What volume of air (measured at standards) 
is necessary for the complete combustion of 1 kilogram 
of pure carbon ? 

134. What are the natural sources of carbon-dioxide? 

135. What materials are usually employed (in the 
laboratory) for preparing carbon -dioxide ? 

136. Represent by means of an equation the action of 
hydrogen chloride on white marble. 

137. When ‘ carbonic acid gas * is required for 
aerating soda water, what materials are used in its 
preparation ? 

138. Describe the chief characteristic properties of 
carbon-dioxide. 

139. What evidence is there for considering carbon- 
dioxide to belong to the class of anhydrides ? 

140. Carbonic anhydride is said to be an extinguisher 
of combustion ; is this statement absolutely true ? Give 
reasons for your answer. 

141. How would you prove that expired air contains 
carbonic acid gas ? 

142. Describe fully the effects of a stream of carbonic 
anhydride on lime-water. 

143. What is Travertine ? and how is it formed ? 

144. What are Stalactites and Stalagmites ? Describe 
the process of their formation. 

145. How is carbonic acid gas affected by green 
plants under the influence of sunshine ? 

146. How is solid carbonic anhydride prepared, and 
for what purpose is it used ? 

147. Carbon-monoxide may be prepared from carbon- 
dioxide by one or other of two processes ; describe them, 
using symbols in illustration. 
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148. Describe in words, and represent in symbols, 
the decompositions which crystallized oxalic acid under- 
goes when heated in contact with hydric sulphate. 

149. Describe the chief properties of carbon -monoxide. 

150. Describe the chemical changes which take place 
in the large furnaces for reducing iron ore. Why does 
the smelter consider the appearance of a blue flame at 
the top of the furnace a sufficient signal to add more ore ? 

151. Has carbon-monoxide any influence on animal 
respiration ? 

152. What are the mam constituents of the atmo- 
sphere ? State the proportions in which they are present, 
by weight and by volume. 

153. What other bodies (besides nitrogen and oxygen) 
are found in the atmosphere ? 

154. Name the essential ingredients of the earth’s 
atmosphere ; and state the proportions (by volume) in 
which they occur. 

155. What evidence have we for considering air to be 
a mechanical mixture rather than a chemical compound ? 

156. Describe the apparatus known as the voltaic 
eudiometer. 

157. How would you effect the eudiometric analysis 
of air ? 

158. With the aid of a pellet of phosphorus, a piece 
of wire, a graduated tube, and a basin containing water, 
how would you make a volumetric analysis of air ? 

159. What is the probable origin of the ammonia 
which is found in the atmosphere ? How would you 
detect it ? 

160. How would you detect the presence of aqueous 
vapour in the atmosphere ? 
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161. How would you demonstrate the presence of 
carbonic anhydride in atmospheric air ? 

162. Mention the principal useful purposes served by 
the several constituents of our atmosphere. 

163. Describe briefly the compensative actions of the 
animal and vegetable kingdoms on the atmosphere ; and 
hence deduce an argument in support of the plausible 
theory as to the existence of a greater amount of carbon- 
dioxide in the atmosphere of the carboniferous period 
(Age of Plants) than exists in that of the present period 
(Age of Man). 

164. When the earth’s atmosphere contained 4 per 
cent, of carbonic acid gas, the higher forms of animals 
could not have lived in it. If this gas became fixed by 
combining with lime, calculate the weight of the resulting 
bed of limestone if spread uniformly over the whole 
earth. 

165. Write a short note on the nature of combustion . 

166. What weight of ice would be melted by the heat 
evolved during the complete combustion of one gra?n of 
hydrogen in atmospheric air ? 

167. Explain the general principle involved in the 
production of luminous flames. 

168. What are the chief constituents of coal-gas ? 
To which of them is the illuminating power of its flame 
more especially due ? 

169. Why does olefiant gas yield a brighter flame 
than hydrogen ? 

170. By the aid of the doctrine of specific heats some 
chemists have attempted to account for the heat evolved 
during combustion : state briefly the views of Craufurd 
and Irvine on this subject. 
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171. Explain the theory of combustion put forth by 
Berzelius and Davy. 

172. How does Professor Tyndall account for the heat 
of combustion ? 

173. Describe the structure of the flame of a candle. 

174. Explain the influence of elevation on the 
illuminating power of flames. 

175. Is the presence of an incandescent solid absolutely 
necessary to the production of a luminous flame ? 

176. What is the common source of the halogens — 
chlorine, bromine and iodine ? 

177. How is chlorine prepared ? 

178. What is the composition of hydrochloric acid ? 
How is it prepared? Give reactions. How is it 
identified ? 

179. Describe the properties of chlorine : explain 
how it acts as a bleaching agent. 

180. What is the composition of bleaching powder ? 
How is it made ? 

181. What three chlorides are insoluble in water ? 
How are they distinguished ? 

182. Give the formula of some important chlorides. 

183. How are bromine and iodine prepared? 

184. Describe the natural sources of sulphur. 

185. How is sulphur purified ? Mention its allotropic 
modifications. Explain the occurrence of sulphur in 
volcanic districts. Describe the oxides of sulphur. 

186. Mention the names of some natural sulphates 
and give their chemical formulae. Describe a simple 
method for preparing sulphuric acid. By what tests can 
sulphuric acid be identified ? 
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187. Explain the use of sulphur in making gun- 
powder ? 

188. What are the natural sources of phosphorus? 
How is it prepared ? 

189. What is the composition of the well-known 
manure called superphosphate ? Describe the varieties of 
phosphoric acid. How would you distinguish them ? 

190. Describe the allotropic forms of phosphorus. 
Give the composition of the tips of matches which light 
only on the box. 

191. How is red phosphorus prepared? What are its 
chief properties? What hydrogen compound of phos- 
phorus resembles ammonia (NH a ) ? How is it prepared ? 

192. What elements are included in the nitrogen 
group ? What elements form the sulphur group ? 

193. How is ammonia gas prepared ? What is the 
origin of its name ? Describe the properties of ammonia. 

194. How is nitric acid prepared ? On what metals 
does it exert a solvent action ? Which nitrates are 
soluble in water ? 

195. Exhibit the relationship of nitric acid to the 
several oxides of nitrogen. Which of these oxides may be 
used to test for free oxygen, and how ? 

196. Describe the mode of occurrence of silicon. 
What is the composition of flint, agate, and opal ? 

197. How is silicon prepared ? Describe some of its 
modifications. How does hydrofluoric acid act on silicon ? 
What is gelatinous silica ? 

198. What compounds of boron are commonly used ? 
For what purpose is borax used in the art of soldering ? 
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199. What are the natural sources of boracic acid ? 
How is it prepared, and what are its characteristic 
properties ? 

200. In what respects does the food of plants differ 
from the food of animals? Give illustrations. 

201. Describe roughly the composition of an average 
specimen of coal-gas. Which are its heat-giving and 
which its light-giving constituents ? Name the impurities 
which usually occur in coal-gas. Devise methods by 
which they can be got rid of. 

202. What are the products of the destructive 
distillation of wood ? 

203. Give a comparative statement showing the 
relative composition of wood and coal. 

204. Explain why wood-gas has less illuminating 
power than coal-gas. 

205. Explain the action of sulphuric acid on sugar. 

206. How is marsh gas prepared? Describe its 
properties. 

207. Describe (giving symbolic notation for the 
change) the mode of preparation of olefiant gas. Explain 
the property of this gas which effects the illuminating 
qualities of coal gas. 

208. Describe the nature of the so-called ‘Periodic 
Law.* 

209. State Prout’s hypothesis. 

210. Explain the tendency of modern views in relation 
to elementary matter. 
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Absorption by charcoal, 197 
Acid and alkaline solutions, 39 
Acid radicles, table of, 97 
Acids, defined and classified, 88 ; 
with derived salts, 91 ; from 
anhydrides, 172 

Affinity, chemical : its action, 29 ; 
contrasted with other attractive 
forces, 30, 31 

Air: reason it does not burn, 34, 
35; see atmosphere 
Alkaline and acid solutions, 39 
Alkalis: defined, 91 
Allotropy : defined, 102 
Ampere on heat of combustion, 
229 

Ammonia: preparation and pro- 
perties, 180-181 : volume, 57 ; 
specific gravity, 58 ; percentage 
composition, 94 ; density, 68 ; 
in air, 216; brought down by 
rain, 219: and plants and ani- 
mals, 222-223; in coal, 233 ; in 
nitrogen, prepared from, 178 
Amorphous substances : defined, 
99 

Analysis, quantitative and quali- 
tative, defined, 96 
Analysis of water, 25, 159 
Anhydrides: defined, 90 ; trans- 
formed into acids, 172 
Animals : and carbon-dioxide, 
205, 207 ; and air, 217, 220, 222 
Anthracite, 193-194: occurrence, 
properties uses, 194 
Antimony, 184 ; see metals 
Apjohn : affinity and cohesion, 
81 : heat of combustion, 229 
Arsenic : atomic volume, 53, 61 
Arsenicum, 184 
Artiads defined, 85 


I Atmosphere, 215-224 : composition, 

| 215-220; properties and uses, 

! 220-223 ; weight and pressure, 

! 223 ; height, 224 ; a mechanical 

mixture, 165 ; pressure of ex- 
periment, 20 

Atoms, 13 ; size of, 14 ; juxta- 
position in combination, 42 
Atom-fixing power, 84 
Atomic heat, 46 

theory, 41, 47 

volumes, law of, 53 ; excep- 
tion, 53, 61 ; relation to weights 
and densities, 61 ; see volume 

weights : defined, 28, 42 ; 

table, 43 ; relations to volumes 
and densities, 54, 61; and speci- 
fic heat, 46 ; see weight 
Atomicity, defined, 83-86 
Attraction, varieties of, 29 ; table 
or varieties, 30 
Avogadro’s law, 58 
Azote (nitrogen), 176 
Ball and ring experiment, 15 
Barium salt : insolubility, 200 
Bases : defined and classified, 89 
Basic radicles, table of, 97 
Berthoilot’s rules for decomposi- 
tion, 106 

Berzelius on heat of combustion, 
229 

Bismuth, 184 ; specific heat of, 
46 ; see metals 
Bleaohing agents, 121, 173 
Blow pipe (fig. 46), 232 ; experi- 
ments and borax, 201 
Boiling point of water, 171 
Bonds or links, symbolic, 85, 86 
Bones, phosphorus prepared from, 
186 

Borax, uses of, 201 
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Boron : occurrence, 200 ; prepara- 
tion, properties, crystals, com- 
pounds, 201 

Boyle or Marriotte’s law, 73 
Bromine, 118, 121, 126 
Cabbage, purple . experiments 
with infusion, 89 
Cadmium : atomic volume, 53, 61 
Calcareous tufa, 209 
Calcite, 98 

Caloric of liquity, defined, 18 
Candle, flame of, 230, 231 (fig. 45) 
Capacity for heat defined, 17 
Carbon, 191-198 ; natural varieties, 
191 ; artificial varieties, 195 ; 
properties, 196 

incandescent, 227 ; per- 
centage of in coal and wood, 
285 ; and oxygen, 131 
Carbon-dioxide, 202-211 ; occur- 
rence, preparation, 202 ; pro- 
perties, 203 ; compounds, 208 ; 
liquid and solid, 210 

in air, 216, 217, 220, 222 

Carbon-monoxide, 211-213 ; pre- 
paration, 211 ; properties, 212 
Carbon-oxides, 202-214 ; in coal, 
233 

Carbonates, 202-214 ; list of 
familiar, 214 
Carre’s ice machine, 171 
Cavendish's eudiometer, 149, 158 
Celsius deg oes compared with j 
Fahrenheit, 5 ; rules for conver- | 
sion, 6 

Centigrade (Celsius) thermometer, i 

5 I 

Chailletet and liquid oxygon, &c., | 
132 

Change, modes of chemical, 104 
Charcoal : production and uses, 
195-198 

fires, danger of, 213 

Chemical affinity : its action, 29 
Chemical change, modes of, 104 

equivalent : wrong ubo of 

term, 28 

gymnasium (questions), 237- 
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Chemical harmonicon, 150 

philosophy, 9 

symbols : defined, 25 ; tables 

of, 26, 27 

Chlorides, list of, 122 
Chlorine, 118-126 ; preparation, 
119 ; properties, 121 ; with 
metals, 122; with oxygen and 
hydrogen, 123 

and mercury densities, 60 

combination with phos- 
phorus, experiment, 32 
Coal : distillation, 232 ; products, 
233 ; analysis, 235 
Cohesion, 14 ; see molecular attrac- 
tion 

Coke : manufacture and properties, 
195 

j Combination : conditions neces- 
sary for, 29 ; experiments, 32 ; 
attended with evolution of heat 
etc., 33 

by weight, laws of, 40-45 

by volume, laws of, 53 ; ex- 
ceptions, 53, 61 

changes by, 105 

Combining pressure and tempera- 
ture, 79 

Combining proportions : defined,28 

weight, 79 ; see molecular 

Combustion (fire & light), 225-232 ; 
igniting point, influence of 
height 226 ; materials, 226, 
incandescence and flame, 227 ; 
heat of, 228-229 ; candle flame, 
230-231 ; blowpipe, 232 

due to combination ; 131 ; 

classes of gases used, 180 ; and 
carbon-dioxide, 204-207 

of carbon, 197 

Compound proportion, law of, 45 
Compounds, chemical : defined, 
23 ; laws of combination, 29, 

| 40, 41, 44, 45 ; percentage com- 

position, 94 

nomenclature and notation, 

48 ; formulae, 50, 51 
Composition of water by volume 
and weight, 162 
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Compressible, water, slightly, 164 
Condensation of volume, 56, 57 

of water, 157, 161 

Constituent heat, 16 
Contraction and expansion of 
gases : equal, 54 ; experimental 
laws, 69 ; examples, 70 ; formul© 
71 

Conversion of heat into work, 153 
Copper : chemical equivalent, 83 

with sulphur, 31 ; nitrate of, 

and tinfoil, 31, 38 ; used in pre- 
paring nitrogen, 178 

oxide: decomposition, 152, 

162 

Craufurd on heat of combustion, 
228 

Crith, unit of liter- weight, 67 ; uso, 
68 

Crystals, defined, 99; forms, 100 
Crystalline systems, 100 ; miner- 
als, 103 

Crystallization, water of, 165 
Crystallography, 99 
Dalton’s atomic theory, 41, 69 
Davy, Sir H., safety-lamp, 36; 
heat, friction, 10 ; heat of com- 
bustion, 229 ; candle flame, 230 
Decomposition ; changes by, 105 ; 
of cupric oxide, 152 ; of water, 
25, 159 

Definite proportion, law of, 42, 45 
Density, see specific gravity 

maximum, of water, 166 

Derivation : of salts from acids, 
91 ; from standard types, 93 
Dialysis by liquid diffusion, 81 
Diamonds : properties, 191 ; uses, 
occurrence, Koh-i-noor, 192; 
combustion, 198, 229 
Diffusion of gases, 80, 217 
Dimorphous, defined, 100, 102 
Displacement, changes by, 105 
Distillation : water, 157 ; coal, 
232 

Divisibility of matter, 13 
Doberein’s lamp, 151 
Drummond, Captain, and lime- 
light, 155 


Dulong and Petit’s law of atomic 
heat, 46, 60 

Dumas on parts by weight of 
water, 163 
Dust in the air, 223 
Earth’s crust, 28, 98 
Eggs, novel method of boiling, 11 
Elasticity of water, 164 
Electric analysis of water, 25, 159 ; 

synthesis, 160 
Electric pistol, 148 
Electric spark: temperature of, 35 
Electricity, 9 ; evolution of, during 
chemical combustion, 33 
Electro-chemical decomposition, 
46 

Electro-positive and negative, de- 
fined, 24 

Electrotype, defined, 24 
Element : defined, 23 ; number of 
elements, 25 ; list of, 26, 27 
Elements, the ancient, 235 
Empirical formula, 94 
Energy, heat and form of, 12 
English and French mcasuros, 1 ; 

tables, 4, 7 
Epsom salts, 165 

Equivalent proportions, defined, 28 
Equivalents, chemical, 83 
Eromacausis, 206, 222 
Ether of space, 9 ; imponder- 
able, 10 

Ether, sulphuric : as solid, liquid 
and vapour, experiment, 12 
Eudiometer, 149, 158, 160, 217 
Evaporation : of water, 171 ; 
freezing by, 171 

Examination questions, 237-252 
Expansion and contraction of 
gases, 19, 54 ; experimental laws, 
69 ; examples, 70 ; formuke, 71 
Experimental laws, 69 
Fahrenheit compared with Celsius, 
5 ; rules for conversion, 6 
Faraday : electro-chemical de- 
composition, 46 ; air, 221 
Filters, charcoal, cleansed, 197 
Fire and light, 225-232 : see 
combustion 
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Fire-damp, 86 

Flame : and incandescence, 227 ; 

of candle, 280-231 
Florentine experiment, 11 
Fluorine, 118, 126 ; and oxygen, 
128 

Formulae, chemical, 50, 59, 94 
Frankland, Dr. : luminous flame, 
227 

Freezing of water, 167-171 
French and English measures, 1 ; 
tables, 4-7 

Friotions : ice liquefied by, 10 ; 
heat converted into motion by, 
11 

Frost, action of, 168 
Galloway : experiment of phos- 
phorus and oxygen in water, 33 
Gases : atomic volume, 53 ; 
expansion and contraction, 19, 
54, 69-71 ; specific heat of, 19 ; 
diffusion, 80 ; diffusive power, 
81 ; all soluble in water, 164 ; 
gases in coal, 233 
Gas-volume, 53 

Gaseous molecules : equality in 
volume and number, 58 
Gerhardt : unitary system, 55, 92 
Glauber’s salt, 168 
Gold : porous, 15 ; see metals 
Graham on diffusion of gases, 81 
Graphite, 193, 194, 198 
Gravitation : its aotion, 29 
Gravity, specific ; see specific 
Gay Lussac’s law, 69, 70 
Gymnasium, chemical, (questions), 
237-252 

Hair-wash, 173 
Halogens, 118, 126 
Hard waters, 174 
Hardness of minerals, scalo of, 104 
Ilcat, 9 ; molecular vibration, 10 ; 
a form of energy, 12 ; molecular 
repulsion identical with, 16 ; 
states of matter dependent on, 
16 ; constituent and latent, 16 ; 
quality of, defined, 17 ; quantity 
and intensity, 181; evolved by 
change of solid to liquid, 168 ; 


evolution of, attending combina- 
tion, 88 ; see temperature 
Heat, unit or degree of, 18 

units converted to work 

units, 158 

of combustion, theories, 228, 

229 

atomic, 46 ; specific, 17, 46 

Height of atmosphere, 224 
HO, the radicle, 172 
Hofmann’s formula, 69, 71 
Hydrates : how formed, 165 

of basio oxides, 89 

metallic, and acids, 162 

from metallic oxides, 172 

Hydrocarbons, 226 
Hydrochloric acid: preparation, 
125 ; properties, 126 ; volume, 
56 ; specific gravity, 57, 68 ; see 
hydrogen 

Hydrofluoric acid and silicon, 199 
Hydrogen, 108, 118 ; history, 

occurrence, properties, 108 ; 
preparation, 111 ; quantitative 
calculations, 116 

a metal, 25 ; diffusive power, 

81 ; solubility, 159 

unit of reference, 43, 53, 55, 

64, 67, 84 

Hydrogen : in coal, 233 ; with 
chlorine, 124 ; and oxygen, 148- 
155 ; and sulphur, 144 

peroxide, 172; sulphide in 

air, 216 

Ice: latent heat of, defined, 18; 
as protector of life, 167 ; specific 
gravity, 168 

Iceland spar : experiment illus- 
trating cohesion and affinity, 31 
Igniting point, 226 
Impenetrability of matter, 9 
Incandescence and flame, 227 
Incandescent solid, 155 
Indian measures : Poona Seer, 4 
Iodine, 118, 121, 126; sublimation, 
12 

Iron: specific heat of, 21, 22; pro- 
portions of, in combination, 41 ; 
dialysed, 81 
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Iron, divisibility of metallic, 13 ; 
contraction of, when hammered, 
15 

ore and carbon-monoxide, 213 

wire and oxygen, exp., 130 

Irvine on heat of combustion, 228 
Isomeric: defined, 102; changes, 
105 

Isomorphism, doctrine of, 68 
Isomorphous, defined, 100, 102 
Lamp-black : production and use, 
196 

Latent heat, 16 ; measure of, 17 ; 

of steam, 19 
Laughing gas, 183 
Litmus, tincture of, experiment, 39 
Lead pipes, &c., and soft water, 175 
Lead, tartrate of, action when 
finely divided, 38 
Leyden jar, 149, 161 
Light, 9; evolution of, attending 
combination, 33 

Light and fire, 225-232 ; see com- 
bustion 

Lightning and nitrio acid, 180 
Lime-light, 155 

Lime-water and carbon-dioxide, 
205, 207 ; milk of lime, 174 
Links or bonds, symbolic, 85, 86 
Liquefaction : of carbon-dioxide, 
210 ; of oxygen and nitrogen, 132 

of water, latent heat of, 18 

Liquidity, caloric of, 18 
Manganese peroxide, oxygen, pre- 
pared from, 138 

Magnesium and carbon-oxide, 207 
Marriotte or Boyle’s law, 73 
Marsh gas, 86, 161, 226, 228, 233 
Matches, 187 

Matter, properties, 9 ; three states, 
11 ; divisibility, 13 ; smallest 
bulk, 59 ; indestructibility, 225 
Measures and weights : tables of 
French and English, 4, 7 ; Poona 
Seer, 4 ; see unit 
Meat, nitrogen prepared from, 178 
Mendelejefi’s periodic law, 235 
Mercury : atomic volume, 53, 61 
and chlorine densities, 60 


Metals : tables of specific heats, 
21 ; properties of, 23 ; list of, 
26 ; chemical equivalents, 83 ; 
dissolved by nitrio acid, 182 
Metallio oxides and borax, 201 
Metalloids : distinguished from 
metals, 23 ; list of, 27 
Metrio system, 1-8 
Minerals, 98, 106 
Mineral waters, 173 
Mineralogy, 99 

Moisture in air, 216 ; proved, 219 
Molecule : defined, 14, 29 ; smallest 
bulk of matter, 59 
Molecules, gaseous, 56, 59 
Molecular attraction, 14 ; repul- 
sion, 16 ; distinguished from 
other attractive forces, 30 

vibration, heat regarded as, 

10 

volumes, equality of, 55, 63 

weights, and specific gravities, 

59 

Monsoons and supply of nitrogen, 
180 

Motion, heat, a form of, 10 
Multiple proportions, law of, 41,42 
Negative pole, 24 
Newlands’ periodic law, 235 
Nitre, 176, 182 
Nitrates, 184 ; list, 190 
Nitric acid : preparation and 
properties, 181-182 ; in air, 216 

anyhydride : preparation 

and properties, 184 
oxide : preparation and pro- 
perties, 183 
Nitrites, 184 

Nitrogen, 176-184 ; discovery, 
name, occurrence, 176; prepa- 
ration, 176-179 ; properties, 179 ; 
compounds, 180-184 

liquefaction, 132 

in air, 215, 216, 221 ; com- 
bination with oxygen, 34, 40 
Nitrous oxide: preparation and 
properties, 183 

Nomenclature, 48 ; not uniform, 
52 


17 
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Notation, 48 

Odling, Dr., on nomenclature, 52 
Oil of vitriol; its various names, 
52 ; use, 182, 186 
Olefiant gas, 226, 228 ; in coal, 233 
Oxides, basic, 89 

see carbon, nitrogen, Ao., Ac. 

metallic: into hydrates, 172 

Oxy-acids chlorine, 124 
Oxygen, 127-140 ; history, occur- 
rence, properties, 127 ; prepara- 
tion, 132, 138 ; quantitative 
calculations, 186 

multiples of weight in com- 
pounds, 41 : liter- weight of, 66 

solubility, 159 

in air, 215-224 

Oxygen in combination with 
ohlorine, 123 ; with carbon, 202- 
214 ; with nitrogen, 34, 40 ; with 
phosphorus, 82-33 ; with sul- 
phur, 145 

absorbed by phosphorus, 219 

Oxy-hydrogen : temperature of 
flame, 85 ; flame and blowpipe, 
154 

Ozone, 135 ; in air, 216 
Paris, experiments made in, 10 
Particle, ultimate chemical, 13 
Periodic law, 235 ; table, 236 
Perissads defined, 85 
Peroxides : oxygen prepared from, 
140 

Petit A Dulong: law of atomic 
heat, 46, 60 

Philosophical candle, 150, 154 
Phosphates : occurrence, 185-186 ; 
list, 190 

anhydride : preparation and 

properties, 188 

Phosphoric acid, 186, 187; pre- 
paration and properties, 189 
Phosphorus, 184-190; occurrence 
and properties, 185; preparation, 
186; uses, 187; compounds, 
188-190 

atomic volume, 53, 61 

combination with oxygen 

experiments, 32, 129 ; with 


chlorine, 82 ; in water, S3 ; ab- 
sorbs oxygen, 219 ; used in pre- 
paration of nitrogen, 177 
Phosphuretted hydrogen; prepa- 
ration and properties, 188 
Pictet and liquid oxygen, Ac., 
132 

Plants: and carbon-dioxide, 209; 

and air, 217, 220, 222 
Platinum, spongy, and oxygen 
and hydrogen, 151 
Plumbago : occurrence and proper- 
ties, 193 

Polymeric, defined, 102 
Pores between molecules, 14 
Porosity of matter, 15 
Positive pole, 24 

Potassium : and decomposition of 
water, 111 ; and silicic acid, 200 

chlorate, oxygen prepared 

from, 133 

ferrocyanide : changes solu- 
tion of iron, blue, 13 
Precious stones composed of 
silica, 198 

Pressure : influence on volume, 
laws of, 73, 75; calculations 
A formulae, 74-79 ; problem, 76 

constant A constant volume, 

19 

, atmospheric, 20, 228-224 

and temperature : standard 

of, 54 ; gases equally affected 
by them, 54 

Priestley, Dr., and oxygen, 133 
Proportion by weight in chemical 
combination ; laws of, 39 ; 
muliple, 41, 42, 45 ; definite or 
constant, 42, 45 ; reciprocal, 
44, 45 ; compound, 45 
Proportions of metals by weight, 
relative, 83 
Prout’s law, 235 

Qualitative and quantitative 
analysis, defined, 96 
Quantity of heat : the term 
explained, 16 

Quantivalence, defined, 83; unit 
of, 84 ; table, 86 
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Questions (chemical gymnasium), 
237-262 

Radicles defined, 86 ; classifica- 
tion, 87 ; table, 97 
Rational formula, 94 
Re-arrangement, changes by, 105 
Reciprocal proportion, law of, 44 
Reducing agent, hydrogen as, 152 
Reduction, changes by, 105 
Regnault on latent heat of steam, 
19 

Repulsive force, porosity of matter 
due to, 16 

Resolution, changes by, 105 
Ring and ball experiment, 15 
Rumford : boils water by friction, 
10 

Safety-lamp, 36 

Salt, common, analysed, 40 ; used 
in preparation of chlorine, 119 
Salts : defined, 87 ; classified, 90 ; 
derived, 91 ; decomposition of, 
106 ; table of solubility, 107 ; 
per centage composition, 95, 96 
Salts and water combined in 
crystals, 165 

metallic, in fine ' state of 

division easily ignite, 38 
Saltpetre, 176, 182 
Sea-water, 175 
Seer, Poona, 4 

Selenium : how classed, 27, 140-141 
Silicates, natural, nonconform- 
able, 92 

Silicon, 198-200 : occurrence, 198 ; 
preparation, crystals, properties, 
199 ; compounds, 200 
Silver: chemical equivalent, 83; 
see metals 

Simple substanoe, defined, 23 
Sky, cause of blue colour, 224 
Sodium: and decompositions of 
water, 111 ; and silicic acid, 200 
Soft waters, 174 
Softening of water, 174 
Solubility of salts, 107 ; of gases, 
164 ; of solids, 173 
Solution : favours chemical action, 
38 ; red and green, 39 


Specific gravity: of gases, 54-65, 
79 ; of solids and liquids, 104 
Specific heat, and atomio weight, 
46 

heat of a Bubstance defined, 

17 ; of gases, 19, 20 ; of metals, 
table, 21 

Specific volume, see Volume 
Spectrum analysis, 25 
Standard of temperature and 
pressuro, 54 

Stalactites and stalagmites, 209 
Steam : volume and specific 
gravity, 57 ; heat of, 18 
Sublimation, 12 
Substitution, changes by, 105 
Sulphates, list of, 147 

and silico-fluorides, 200 

Sulphur, 140-147 : occurrence and 
properties, 141 ; compounds, 
143 ; and hydrogen, 144 ; and 
oxygen, 145 

and oxygen, exp., 129, 130 ; 

and copper, 31 ; and charcoal, 38 

as solid, liquid, and vapour, 

experiment, 11 ; multiples of 
weight, 41 

Sulphuretted hydrogen: combus- 
tion, 161 

Sulphuric acid, 146 

Symbols, chemical : defined, 25 ; 

table of, 26, 27 
Synthesis of wator, 158, 160 
Technical terms, defined, 83 
Tellurium : how classed, 27, 140, 
141 

Temperature : degree of, 17 ; the 
lowest observed, 211; igniting 
point, 226 ; boiling point, 171 ; 
absolute zero, 82 

and pressure : standard of, 

54; gases equally affocted by 
them, 54 

a necessary condition for 

combination, 32 

. , combining, 79 

, effects on water, 166-172 

, law of expansion of gases, 69 

examples, 70 ; formulae, 71, 78 
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Terms, technical ; defined, 83-96 
Thenard and hydroxyl, 172 
Thermal unit, 18 
Thermometers, 5 

Thompson, Sir W. : on size of 
atoms, 14 

Tin: specific heat of, 46; see 
metals 

Transferring jar, 149 
Travertine, 209 

Tyndall on heat of combustion, 
229 

Types, theory of, 92 
Units of measurement, 1 ; tables, 
4, 7 ; hydrogen as unit, 43, 63, 
66, 64, 67, 84 ; unit of heat, 17, 
18 ; unity of specific gravity of 
solids and liquids, 104 ; unit of 
work, 22 

of heat converted to work 

units, 163 

Unitary system of chemistry, 66 
Urea and ammonia, 223 
Urine and phosphorus, 186 
Vapour-densities, CO-61; see specific 
gravity 

Violets, tincture of, experiment, 
89 

Volumes, law of, 63 ; exceptions, 
53, 61 

Volume, specific : formula, 82 

, gas at constant, and constant 

pressure, 19 

, easier to measure than 

weight, 66 

: composition by, gives com- 
position by weight, 162 
, see Atomio 

Volume- weights : calculation of, 
66 ; relative, 68-69 
Water, 166, 176 ; occurrence and 
purification, 166; composition, 
formation, 167; analysis, 159; 
synthesis, 160 ; properties, 164- 
172; oxidised, 172; mineral 
waters, 178 ; hard water, 174 ; 
polluted, 176 ; sea water, 176 


Water, properties of, 164, 178; 
non-combustible, oolour, com- 
pressible, all gases soluble in,. 
164 ; compounds, 166 ; effects 
of temperature on, 166-172 ; 
weight, 167 ; latent heat, 167 ; 
ice, 167-171 ; boiling point, 171 ; 
evaporation, 171; capacity for 
heat, 171 ; dissolving power, 178 
, elements of, 40 ; decomposi- 
tion, 113; heated by friction, 
10 ; as unity of specific heat, 
17 ; unit of specific gravity, 104 ; 

and chlorine oxides, 124 

and carbon dioxide, 210 

, temperature at which phos- 
phorus and oxygen will combine 
in, 83 

Water of crystallization, 165 
Water-gas : density, 68 ; see 
steam 

Weight, a property of matter, 9 
Weight, proportions by, in chemi- 
cal combination, 39 

, composition by, deduced 

from composition by volume, 
162 * 

Weights and measures : tables of 
French and English, 4, 7 ; 
Poona Seer, 4 ; see unit 
Weights, atomic, 42, 43, 46, 60; 
defined, 28 ; tables, 43, 61 

, molecular, 59 

Williamson, Prof., on heat of 
steam, 18 

Wire gauze: screen of, stops 
flame, 87 

Wollaston’s cryophorus, 171 
Wood-gas, 234 ; composition, 285 
Work, unit of, 22 ; and heat unit, 
153 

Zero, absolute, 82 
Zino : atomic volume, 53, 61 : 
specifio heat, 46 ; chemical 
equivalent, 83; oxidation and 
electricity, 47 ; decomposition 
of water, 114 
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Euclid. The Enunciations and Figures belonging to the Propositions in 
the First Six and part of the Eleventh Books of Euclid's Elements prepared for 
Students in Geometry. By the Rov. J. Brasso, D.D. Is. Without the Figures, 6d. 

Elementary Mechanics. By J. C. Horobin, B.A., Principal of Homerton 
Training College. In Three Stages. Crown 8vo. with numerous Illustrations, 
Is. 6d. each. 

‘The capital and numerous illustrations, and the questions following each 
chapter, together with the convincing character of the writing, will make this 
work universally used .’—Teachers' Aid. 

Theoretical Mechanics. Division I. By J. C. Horobin, B.A. Crown 

8vo. 2s. 6d. 

Hydrodynamics and Sound. An Elementary Treatise. By A. B. 
Basset, M.A., F.R.S., formerly Scholar >f Trinity College, Cambridge. Demy 
8vo. 7s. 6d. 

Theory of Numbers. An account of the Theories of Congruencies and 
of Arithmetical Forms. RyG B. Mathews, M.A., Professor of Mathematics in 
the University College of North Wales. Part I. Domy 8vo. 12». 

Treatise on Elementary Dynamics. By S. L. Loney, M.A, New and 

Enlarged Edition. Crown 8vo. 7s. 6d. (C.) 

Solutions to the Examples, by the same author. 7s. 6d. 

Plane Trigonometry. By S. L. Loney, M.A. Crown Bvo. 7«. 6d. 

Or in separate Parts, 

Part 1. up to and including the Solution of Triangles. 5s. (C.) 

Part. II. Analytical Trigonometry. 3s. 6d. 

Treatise on Elementary Hydrostatics. By J. Greaves, M. A., Fellow of 

Christ’s College, Cambridge. Crown 8vo. 5s. (C.) 

Treatise on Geometrical Optics. By K. S. Heath, M.A., Professor of 

Mathematics in Mason Science College, Birmingham. Demy 8vo. 12s. 6d. (C.) 

Elementary Treatise on Geometrical Optics. ByB. S. Heath, M.A 

Crown 8vo. 5s. (C.) 
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EXAMPLES AND EXAMINATION PAPERS. 

Examples In Arithmetic. By C. Pendlebury, M. A. 5th Edition. 3*. 

Examination Papers in Arithmetic. By C. Pendlebury, M.A. 2nd 
Edition. 2s. 0d. Key, 5s. net. 

The Caxton Arithmetical TeBt Cards. Six packets in cloth cases. 

Standards II. to VII. With Answers. 1*. each. (P.) 

Exercises and Problems on the Multiplication Tables. For Standard I. 
(Twioe to Six times). Fcap. 8vo. Id. Standard II. (Seven to Twelve times), 
ltd. (P.) 

The ‘ Government ’ Arithmetical Test Cards. Six packets in cloth 

oases. Standards II. to VII. Is. each. (P.) 

A Complete Course of Arithmetical Examples and Exercises. By 

Thomas W. Piper, St. Katherine’s Training College, London. Designed to accom- 
pany the ' Advanced Arithmetic/ bnt may be used with any other Arithmetical 
Text-book. With Answers. Crown 8vo. cloth, 3s. (P.) 

Exercises on Euclid and in Modern Geometry. Containing Appli- 
cations of the Principles and Processes of Modern Pure Geometry. By the 
late J. McDowell, M.A., F.R.A.8., Pembroke College, Cambridge, and Trinity 
College, Dublin. 4th Edition. Crown 8vo. 6s. 

A Progressive Course of Examples in Algebra. By the Rev. W. F. 

Maomiohael and R. Prowde Smith, M.A. 4th Edition. 3s. 6d. With Answers, 
4s. 6d. 

Exercises in Algebra up to Simple Equations, for the use of Beginners,, 
and adapted for Standards IV., V., and VI. of New Code By Allen W. Whit- 
worth, M.A., Fellow of St. John’s College, Cambridge. Fctip. 8vo. stiff cover, 6d.; 
bound in oloth, 9 d. (P.) 

Examination Papers in Trigonometry. By G. H. Ward, M.A. 2nd 

Edition. Crown 8vo. 2e. 6 d. Key, 5s. net. 

Mathematical Examples, Pure and Mixed. Arithmetic, Algebra, Trigo- 
nometry, Mensuration, Theory of Equations, Analytical Geometry, Statics, and 
Dynamics. By J. M. Dyer, M.A., and R. Prowde Smith, M.A. 6s. 

A Collection of Examples and Problems in Arithmetic, Algebra, 
Geometry, Logarithms, Trigonometry, Conic Sections, Mechanics, &c., with 
Answers and Occasional Hints. By the Rev. A. Wrigley. 10th Edition, 20th 
Thousand. 8s. 6d. Key, 10s. 6d. 

Examination Papers in Bookkeeping. Collected or written by J. T. 
M edhnrst, A.K.O., F.S.S., Fellow of the Society of Accountants and Auditors, 
and Lecturer at the City of London College. 2nd Edition. 3s. 

Mechanics. A Collection of Problems in Elementary Mechanics. By 
W. Walton, M.A., Fellow and Assistant Tutor of Trinity Hall, Lecturer at 
Magdalene College, Cambridge. 2nd Edition, Revised. Crown 8vo. 6s. 

Elementary Physios, Examples and Examination Papers in. Statics,. 
Dynamios, Hydrostatics, Heat, Light, Chemistry, Eleotricity, London Matricula- 
tion, Cambridge B.A., Edinburgh, Glasgow, South Kensington, Cambridge Junior 
and Senior Papers, and Answers. By W. Gallatly, M.A., Pembroke College* 
Cambridge, Assistant Examiner, London University. Crown 8vo. 4s. 




A Selected List of Educational Books. 

ENGLISH CLASSICS ANNOTATED, 


BELL’S ENGLISH CLASSICS. 

A New Series, edited, with Introductions and Note*). Grown 8vo. 

* Lamb's Essays. Selected and Edited by K. Deighton, late Principal 

of Agra College. 3n. Sewed, 2*. 

♦Byron’s Chllde Harold. Edited by H, G. Keene, M.A., G.I.E., 

Author of * A Manual of French Literature Ac. 3s. 6d. Also Cantos I. and II. 
separately. Sewed, Is. 9d. 

•Byron’s Siege of Corinth. Edited by P. Hordern, late Director of 

Public Instruction in Burma. Is. 6d. Sewed, Is. 

♦Macaulay’s Lays of Ancient Rome. Edited by P. Hordern. 2s. 6d. 

Sewed, 1?. 9d. 

•Massinger’s A New Way to Pay Old Debts. Edited by K. Deighton, 

3s. Sewed, 2s. 

♦Burke’B Letters on a Regicide Peace. I. and II. Edited by 
H. 6. Keene, M.A., C.l.fi. 3s. Sewed, 2s. 

•Milton’s Paradise Regained. Edited by K. Deighton. 2*. 6 d. Sewed, 
Is. 9d. 

♦Selections from Pope. Containing Essay on Criticism, Rape of the 
Lock, Temple of Fame, Windsor Forest. Edited by K. Deighton. 2s. 6d. 
Sewed, Is. 9d. 

•Goldsmith’s Good-Natured Man, and She Stoops to Conquer. 

Edited by K. Deighton. [fn the preet. 

•Milton’B Paradise Lost. The first four books each separately. Edited 
by R. G. Oxenham, M.A., late Principal of Elphinstone Collego, Bombay. 

[Preparing, 

♦Selections from De Quinoey. The English Mail Coach, and The Re- 
volt of the Tartars, Edited by Cecil M. Barrow, M.A., Principal of Yiotoria 
College, Palghat. [Inthepreu. 

•Macaulays Essay on Lord Clive. Edited by C. M. Barrow, M.A. 

New and Revised Edition. [ Preparing . 

♦Shakespeare’s Henry V. Edited by C. M. Barrow, M.A. New and 
Revised Edition. [Pr«panwj. 

•Selections from Chauoer. Edited by J. B. Bilderbeck, M.A., Professor 
of English Literature, Presidency College, Madras. [Preparing. 

Shakespeare’s Julius Caesar. Edited by T. Duff Barnett, B.A. Lond. 2s. 

S hak espeare’s Merohant of Venice. Edited by T. Duff Barnett, B.A M 
Lond. 28. 

Shakespeare’s Tempest. Edited by T. Duff Barnett, B.A. Lond. 2s. 

* These volumes are specially adapted to the requirements of 
Indian Students. 
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Johnson's Life of Addison. Edited by F. Byland, M.A., Author of 
* The Students' Handbook of Psychology,' Ac. 2s. 6d. 

Johnson’s Life of Swift. Edited by F. Ryland, M.A. 2s. 

Johnson’s Life of Pope. Edited by F. Ryland, M.A. 2s. 6 d. 

Johnson’s Life of Milton. Edited by F. Ryland, M.A. [Preparing. 

Browning's Strafford. Edited by E. H. Hickey. With Introduction by 
8. R. Gardiner, LL.D. 2s. 6d. 

Others to follow. 


THE PITT PRESS SERIES OF ENGLISH 
CLASSICS. 

A Uniform Series for use in Schools , with Introductions and Notes. 
Extra f cap. 8 vo. 

An Apologie for Poetrie. By Sir Philip Sidney. Edited by E. S 
Shuckburgh, M. A. 3«. 

Bacon’s History of the Reign of King Henry VII. With Notes by 
J. R. Lumby, D.D., Lady Margaret Professor of Divinity, and Fellow of 8t. 
Catharine's College. 3s. 

Cowley’s Essays. With Introduction and Notes. By J. R. Lumby, 
D.D. 4s. 

Milton, Arcades and Comus. Edited, with Introduction, Notes, and 
Indexes, by A. W. Verity, M.A., sometime Scholar of Trinity College. 8«. 

Ode on the Nativity, L’ Allegro, II Penseroso, and Lycidas. 

By the same Editor. 2s. 6<L 

Samson Agonistes, with Introduction, Notes, and Indexes by 

the same Editor. 2s. 6cL 

Paradise Lost. Books I. and II. By the same Editor. 2 s. 

Paradise Lost. Books III. and IV. By the same Editor. 28. 

Paradise Lost. Books V. and VI. By the same Editor. 2s. 

Paradise Lost. Books VII. and VIII. By the same Editor. 

[In the press. 

-■ ■ ■■ Paradise Lost. Books XI. and XII. By the same Editor. 2*. 

More’s History of King Richard III. Edited, with Notes, Glossary, 
and Index of Names, by J. R. Lnmby, D.D. 3s. 6d. 

More’s Utopia. With Notes by J. Rawson Lumby, D.D. 3*. 6 d. 

Two Noble Kinsmen. Edited, with Introduction and Notes, by Pro- 
fessor Skeat, Litt.D., Fellow of Christ's College, Cambridge. 3s. 6d. 

Shakespeare. A Midsummer-Night’s Dream. With Introduction, 
Notes, and Glossary by A. W. Verity, M.A. Third Edition. Is. 6d. 

[ The Pitt Press Shakespeare for Schools.] 
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II 


ENGLISH CLASS-BOOKS AND 
LITERATURE. 

Webster’s Brief International Dictionary. With 800 Illustrations. A 
Pronouncing Dictionary of the English Langua ge. Abridged from Webster’s Inter* 
national Dictionary. With n Treatise on Pronunciation, List of Prefixes and 
Suffixes, Rules for Spelling, a Pronouncing Vocabulary of Proper Names in His- 
tory, Geography, and Mythology, and Tables of English and Indian Money, 
Weights, and Measures. 561 pages. Demy 8vo. 3«. 

The Elements of the English Language. By Ernest Adams, Ph.D. 
26th Edition. Revised by J. F. Davis, D.Lit., M.A. (Lond.) Post 8vo. Special 
Edition for India only, 3s. 6d. 

The Rudiments of English Grammar and Analysis. By Ernest 

Adams, Ph.D. 19th Thousand. Fcap. 8vo. Is. 

Ten Brink’s History of English Literature. 

Vol. I. Early English Litkraturf. (to Wyelif). Translated by Horaoe M. 
Kennedy, Professor of German Literature in the Brooklyn Collegiate Institute. 
3s. 6 d. 

Vol. II. (Wyelif, Chancer, Earliest Drama, Renaissance.) Translated by 
W. Clarke Robinson, Ph.D., formerly Lecturer in Durham University, &o. 3s. 6d. 

Elements of Comparative Grammar and Philology. For use in 
Schools. By A. C. Price, M.A., Assistant Master at Leeds Grammar School, late 
Scholar of Pembroke College, Oxford. Crown 8vo. 2*. 6<l. 

Bell’s Shakespeare’s Plays. Kemble’s Reading Edition. With Ex- 

planatory Notes for School Use. Limp cloth, 6<l each. 

JULIUS CiESAR. — THE MERCHANT OF VENICE. - KING JOHN.— 
HENRY THE FIFTH. -MACBETH. -AS YOU LIKE IT. 

Notes on Shakespeare’s Plays. Introduction, Summary, Notes 
(Etymological and Explanatory), Prosody, Grammatical Peculiarities, Ac. By 
T. Duff Barnett, B.A. London. Crown 8vo. Is. each. {No 1 W.) 

MIDSUMMER NIGHT’S DREAM.— JULIUS OASHAli.- THR) TEMPEST. 
—MACBETH.— HENRY THE FIFTH.— HAMLET.-M.ERCH ANT OF VENICE. 
—KING RICHARD II.-KING JOHN.-KINU LEAR. - CORIOLANUS. 

Essays and Notes on Shakespeare, &c. By J. W. Hales, M.A., late 

Clark Lecturer in English Literature at Trinity College, Cambridge. New 
Edition. Crown 8vo. 5s. 

Critical Essays on Shakespeare’s Plays. By W. Watkiss L’oyd. Fcap. 
8vo. cloth, 28. 6d. 
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Handbooks of English Literature. Edited by J. W. Hales, M. A., late 
Olark Lecturer in English Literature at Trinity College, Cambridge, Professor of 
English Literature at King’s College, London. Crown 8vo. 3«. 6d. each. 

In active preparation. 

THE AGE OF CHAUCER. By Professor Hales. 

THE AGE OF SHAKESPEARE. By Professor Hales. 

THE AGE OF MILTON. By J. Bass Mullinger. 

THE AGE OF DRYDEN. By Richard Garnett, LL.D. 

THE AGE OF POPE. By John Dennis. 

THE AGE OF WORDSWORTH. By Professor 0. H. Herford. 

Other volume s to follow. 

Synonyms Discriminated. By Arohdeacon Smith. A Dictionary of 

Synonymous Words in the English Language, showing the accurate signification 
of words of similar meaning. Illustrated with Quotations from Standard Writers. 
With the Author's latest Corrections and Additions. Edited by the Rev. H. Percy 
Smith, M.A., of Balliol College, Oxford. Demy 8vo. 

A SPECIAL EDITION FOR INDIA ONLY, 7s. 6d. 

Synonyms and Antonyms, or Kindred Words and their Opposites. 

Colleoted and Contrasted by Yen. C. J. Smith, M.A. Revised Edition. 5s. 

The Queen’s English. By Dean Alford. A Manual of Idiom and Usage. 

6th Edition. Fcap. 8vo. 5e. Cheap Edition, Is. or Is. 6<Z. 

Bohn’s Dictionary of Poetical Quotations. 4th Edition. Gs. 

* Mr. Bohn’B volume has the rare recommendation of being entirely free from 
the rubbish which is commonly thrust into similar collections. His selections 
have been made from a long and extensive course of reading, and it everywhere 
bears evidence of a scholar’s eye and taste. There must be, as we judge, nearly 
8000 quotations in the volume, ranging from Chaucer to Tennyson.’— Times. 

Handbook of Proverbs. Containing an entire Republication of Ray’s 

Collection of English Proverbs, with his additions from Foreign Languages and a 
oomplete Alphabetical Index ; in which are introduced large additions as well 
of Proveibs as of Sayings, Sentences, Maxims, and Phrases, collected by 
H. G. Bohn. 5s. 


GRAMMATICAL WORKS by C. P. MASON, 

Fellow of University College , London. 

Oode Standard English Grammar. Adapted to the Standards of the 
New Code. 

Part I.— Nouns and Verbs (for Standard II.). 2d. 

Part II.— The Remaining Parts of Speech (for Standard III.). 2d. 

Part IIL —Parsing (for Standards IV., V., and VI.), with Recapitulation of 
Definitions, Ac. Sd. 

Part IV.— Analysis of Sentences (for Standards V., VI., and VII.). 3d. 
Part V.— First Lessons in Word-Building (for Standards V., VI., and 
VII.). 3d. 
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First Notions of Grammar for Young Learners. By C. P. Mason, B.A, 
F.C.P., Fellow of University College, London. 15fch Edition, 85th thousand, 
revised and enlarged. Foap. cloth, Is. 

First Steps in English Grammar, for Junior Classes. Demy 18mo. 
54th thousand. Is. 

Outlines of English Grammar, for the use of Junior Classes. 18th 

Edition, revised. 97th thousand. Grown 8vo. 2s. 

Practice and Help in the Analysis of Sentenoes. Small crown 8ro, ‘2s. 

English Grammar: Including the Principles of Grammatical Analysis. 
35th Edition, 148th 152nd thousand. Crown 8vo. 3s. 6d. 

A Shorter English Grammar, with Copious and carefully Graduated 
Exercises. Based upon the Author’s ‘ English Grammar,’ including Analysis. 
10th Edition, 47th-51st thousand. Cloth, 3s. «»d 

English Grammar Practice. Consisting of the Exercises of the ‘ Shorter 

English Grammar/ published in a Boparate form. 3rd Edition. Cloth, Is. 

Remarks on the Subjunctive and the so-called Potential Mood. 6 d. 
Blank Sheets Ruled and Headed for Analysis. Is. per dozen. 

The following are edited for Middle-Class Examinations. With Notes 
on the Analysis and Parsing , and Explanatory Remarks. 

Milton’s Paradise Lost. Book I. With a Life of Milton. 5th Edition. 
Post 8vo. la. 

Milton’s Paradise Lost. Book T T . With a Life of Milton. 3rd Edition. 
Post 8vo. Is. 

Milton’s Paradise Lost. Book III. With a Life of Milton. 2nd Edition. 
Post 8vo. Is. 

Goldsmith's Deserted Village. With a Short Life of the Poet. 4th 

Edition, revised. Post 8vo. la. 

Thomson’s 1 Spring.’ With a Short Life. 2nd Edition. Post 8vo. 1*. 
Thomson’s ‘ Winter.’ With a Short Life. 2nd Edition. Post 8vo. 1 j. 

(THE UNIVERSITY PRES8, CAMBRIDCK ) 

The Elements of English Grammar. By A. S. West, M.A., Trinity 

Oollege, Cambridge. 2s. 6d. 

English Metre, Chapters on. By Joseph B. Mayor, M.A, Demy 8vo, 

7s. 6d. 

Shakespeare to Pope. An inquiry into the causes and Phenomena of 
the rise of Classical Poetry in England. By E. Gosse, M.A., Clark Lecturer in 
English Literature at Trinity Oollege, Cambridge. Crown 8vo. 6s. 
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HISTORICAL Maiualb— Continued. 

History of England, from the Involution of 1688 to the death of 

Queen Anne, 1714. Is. 6 d. 

History of England, from the Accession of William III. to the Acces- 
sion of George III. (1689-1760), and the Outlines of English Literature daring 
the same period. 2s. 6d. 

History of England, from the Accession of George III. to the Battle of 

Waterloo (1700-1815). 2s. 6d. 

Shilling Summary of English History. By Thomas Haughton. Fcap. 

8vo. Is. 

Student's Summary of English History. By the same. Enlarged 

Edition. Foap. 8vo. Is. 6d. 

Student's Summary of English History. With Copious Notes selected 
from the works of leading Historians, and a oomplete Index. By the same. 
Crown 8vo. 5s. 

Sovereigns of England. From Egbert to Queen Victoria. By the 

same. Paper wrapper, foap. 8vo. 4 d . ; cloth, 6d. 

History of England and Wales. From the Roman to the Norman 

Conquest. By T. Morgan Owen. With Maps. School Edition. Crown 8vo. 2s. 

Historical Readers.— See Philips’ Reading Books, p. 26, and also 

amongst Bell’s Reading Books, pp. 24 and 25. 

THE CAMBRIDGE HISTORICAL SERIES. General Editor, G. 

W. Protheeo, Litt.D , Fellow of King’s College, Cambridge, and Professor 
of History in the University of Edinburgh. 

The Revolutionary and Napoleonic Era, 1789-1815. By J. H. Rose, 
M.A., Christ’s College. [In tJie Press. 

The Europeans In India. By H. Moese Stephens, M.A., Balliol 

College, Oxford. [in Preparation. 

The Foundation of the German Empire, 1815-1871. By J. W. 
Headlam, M.A., Fellow of King’s College. [In Preparation. 

Other Volumes will be announced shortly. 


GEOGRAPHY. 

(THE UNIVERSITY PRESS, CAMBRIDGE.) 

Elementary Commercial Geography. A Sketch of the Commodities 
and the Countries of the World. By H. R. Mill, So.D., F.R.S.E., Librarian to 
the Royal Geographical Society. Extra fcap. 8vo. Is. 

An Atlas of Commercial Geography. Intended as a Companion to 
Dr. Mill’s 'Elementary Commercial Geography.’ By J. G. Bartholomew^ 
F.R.G.S. With an Introduction by Hugh Robert Mill, Sc.D. 3s. 

(GEORGE PHILIP & SON.) 

Notes on the Causes of the Seasons. By M. M. Cunnington. Illustrated. 

Foap. 8vo. paper wrapper, 6d. 
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Geography of England and Wales. Physical, Industrial, and Historical. 

By Thomas Haughton. With Coloured Map. Crown 8vo. 6s. 

The Advanced Class-Book of Modern Geography. By Prof. William 
Hughes, F.R.G.S., and J. Francou Williams, F.R.G.S. Comprising Phyiioal, 
Political, and Commercial Geography. Crown 8vo. 818 pages, 6s. 

The above work is also published in Sections under the general title of 

PHILIP'S GEOGRAPHICAL MANUALS. 

1. An Introduction to the Stodt 4. Europe. 2s. 

or Geography. Is. 5. Asia. Is. 6d. 

2. The Beitish Isles. Is. 6d. 6. Africa, Is. 

3. The British colonies and ?. America. Is. 6d. 

Dependencies. 2s. 6d. 8 Australasia and Poltnibia. Is. 6d. 

Each Manna! contains one or more Coloured Maps. 

A Class-Book of Modem Geography. By Prof. William Hughes, 
F.R.G.S. New Edition. Reviwd by J. Francou Williams, F.R.G.S. Crown 8ro. 
3s. 6d. 

Intermediate Class-Book of Modern Geography. By the same. Small 

crown 8vo. 2s. 6 d. 

An Elementary ClaBB-Book of Modem Geography. By the same. 

New and Enlarged Edition. Fcap. 8vo. 1*. 0<1. 

A Class-Book of Physical Geography. By the same. With coloured 

Maps. New Edition, revised and extended. Crown 8vo. Ss. 6d. 

An Elementary Class-Book of Physical Geography. By the same 

New Edition. Fcap. 8vo. Is. 6d. 

World’s Great Explorers and Explorations. Edited by J. Scott 
Keltie, H. J. Mackinder, M.A., and E. G. Ravensteiu, F R.G.8. Crown 8vo. 
7 vols. 4s. 6d. and 5s. See List of Reward Books. 

Applied Geography. By J. Scott Keltie. A Series of Lectures, illus- 

trated with Maps and Diagrams. Crown 8vo. 3s. 6d. 

Geography of Coast Lines. By William Lawson. New Edition. 

Fcap. 8vo. Is. 

Geography of River Systems. By the same, New Edition. Fcap. 

8vo. Is. 

Geography of the Oceans. Physical, Historical, and Descriptive. With 

coloured Maps. By J. Franeon Williams, F.R.G.S. Fcap. «vo. 2». 6d. 

EXAMINATION PAPERS. 

History and Geography Examination Papers. Compiled by C. H. 

Spence, M.A., Assistant Master at Clifton College. Crown 8vo. 2s. 6d. 

The Complete Examiner in Geography. Containing over 1200 Exer- 
cises from Examination Papers, compiled and classified by J. L. Richardson. 
Fcap. 8vo. stiff cover, 6d. - ' *' 

Geographical Readers.-- See Bell’s Heading Books, p. 23, and Philip s 

Reading Books, p. 24. 



1 8 A Selected List of Educational Books. 


EDUCATIONAL ATLASES. 

Philip’s Systematic Atlas, for Higher Schools and General Use. Edited 
by J. Scott Keltic, H. J. Mackinder, M.A., and E. G. Bavenstein, F.B.G.S. A 
Series of Physical and Political Maps, with Diagrams and Illustrations of Astro- 
nomy and Physical Geography. Over 250 Maps and Diagrams in 52 Plates, with 
an Introduction and an Index of 12,000 names. Imp. 4to. (or the Maps folded 
in 8vo.) 15s. net. 

The Comprehensive Atlas of Ancient and Modern Geography, com- 
prising 60 Maps (42 Modem and 18 Ancient), with a Consulting Index. Imp. 8vo. 
strongly half-bound, 10s. 6d. 

Philip's Student’s Atlas, comprising 44 Modem and 5 Ancient Maps, 
carefully printed in colours. With a copious Consulting Index. Imp. 8vo. olotb, 
7s. 6d. 

Philip’s Select Atlas, comprising 36 authentic Maps of the Principal 
Countries of the World, carefully printed in colours. With a copious Consulting 
Index. Imp. 8vo. cloth, 5s. 

Introductory Atlas, comprising 24 Coloured Maps of the Principal 
Oonntriea of the World, with a Consulting Index. Imp. 8vo. cloth, 3s. 6d. 

*Young Student’s Atlas, comprising 36 Coloured Maps of the Principal 

Countries of the World, with Index. Imp. 4to. cloth, 3s. 6<i. 

*Young Soholrrs AtlaB. New and Enlarged Edition, containing 24 

Coloured Maps, with Index. Imp. 4to. cloth, 2s. tfd. 

* The Maps in the above tveo Atlases are flat (i.e., unfolded). 

Philip’s Atlas for Beginners. New and Enlarged Edition, comprising 
60 Maps of the Principal Countries of the World, printed in colours, with a new 
Consulting Index. Crown 4to. cloth, 2s. 6d. 

Elementary Atlas and Geography, containing the Essentials of the 

Geography of the World, and 30 coloured Maps. Crown 4to. cloth, 3*. 6d. 

Handy-Volume Atlas of the Indian Empire. A series of specially 

prepared Maps on a large sea e, together with numerous general Maps ill us 
trating the Physioal and Eoonomioal aspects of the Country, with descriptive 
letterpress and oomplete Index. By E. G. Bavenstein, F.B.G.S. [In the press. 

Handy-Volume Atlas of the World. 64 Plates, containing 110 Maps 
and Plans. A oomplete Consulting Index, with Geographical and Statistioal 
Notes to each Map. Size, 6 x 4 in. Cloth, rounded oorners, 3s. 6d. 

Handy -Volume Atlas of the British Empire. 64 Plates, containing 
120 Maps and Plans of the United Kingdom and British Colonies and Depen- 
dencies, with Notes to each Map and Index. Size, 6x4 in. Cloth, roundod 
oorners, 8s. 6d. 

Philip’s Popular Atlas of the British Empire. Coloured Maps, with 

Statistioal Tables. Crown 4to. stiff oover, Is. 
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Physical Atlas for Beginners, compi ising 12 Maps, printed in ooloun. 
Grown 4to. stiff cover, Is. 

The same Book, cloth lettered, U. 6 d. 

The School Atlas of Physical Geography, comprising a Series of 
Maps and Diagrams illustrating the Natural Features, Climates, Various Pro- 
ductions, and Chief Natural Phenomena of the Globe. Imp. 8vo. bound in doth, 5s. 

The School Atlas of Classical Geography. A Series of 18 Maps, 
printed in oolonrs, with Irn'ex of Names. Cheaper Edition, medium 4to. doth, 
3s. 6d. 

The Handy Classical Atlas. A Series of 18 Maps, printed in oolonrs. 
Medium 8vo. cloth lettered, 2*. 6<1. 

The School Atlas of Scripture Geography. A Series of 16 Maps, 
printed in odours. Near and Cheaper Edition. Crown ito. in stiff cover, la 

The same Book, cloth lettered, with Index, Is. 6 d. 

The Smaller Scripture Atlas, containing 1G Maps, printed in colours. 
Imp. 16mo. illustrated c ver, 6d. 

The same Book, cloth lettered, U. 

CHEAPER EDUCATIONAL ATLASES. 

The Child’s Atlas for School and Home, containing 64 unusually 
clear and readable Maps, printed in colours. Size- 91 in. x 6k in. Pictorial cover, 
stiff boards. Is. 6 d. 

Philip’s Atlas for Junior Classes. Being the above book bound in 

limp cloth, Is. 6d. 

Philip’s New Shilling Atlas of Modem Geography, with 24 imperial 
4to. pages of Large Scale Maps. Imp. 4to. stiff cover, 1*. 

Philip’s First School Atlas, containing 24 Coloured Maps, with Ex- 
amination Questions on each. Crown 4to. limp cloth, Is. 

Or without Questions, with more Maps and an Index, Is. 

The Graphio School Atlas, containing over 110 nadable Maps and 
Diagrams, printed in oolonrs. Size- 7 in.x4f in. Pictorial oover, stiff boards, 
Is. ; or cloth lottered, Is. 6d. 

Philip’s New Excelsior Atlas of the World, containing 1-40 Maps, 
Plans, Sections, Ac. Crown 8vo. in stiff illustrated cover. Is. 

Philip’s ‘ Unique ’ Shilling Atlas, containing 70 large readable Mays 
and 10 Diagrams. Stiff pictorial cover, Is. 

Philip's ‘ Unique ’ Sixpenny Atlas, containing 70 readable Maps and 
lOlDiagrams. Stiff oover, 6d. 
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Philip’s Favourite Sixpenny Atlas, containing 50 Maps, Plans, Ulus- 

trations, 4c. drown 4to. paper cover, 6d. 

Philip’s ‘Preparatory’ Atlas, containing 16 Colonred Maps. Crown 

4to. paper oover, 6d. 

Philip’s ‘ Standard ’ Atlas, containing 24 smaller Coloured Maps and 

Diagrams. Foap. 4to. paper cover, 6d. 

Philip’s Atlas of the Countries of Europe, including a Map of the 

World and a General Map of Europe. Crown 4to. paper oover, 6d. 

Philip’s New Sixpenny Atlas of the British Colonies, containing 

26 Maps. Crown 4to. paper cover, 6d. 

Philip’s Threepenny Atlas, containing 16 Maps, full coloured. Fcap. 

4to. paper cover, 3d. 


PHILIP’S STANDARD ATLASES. New and Revised Editions, con- 
taining separate Maps of the different Presidencies of the Indian 

[In the press. 

10 pages of Maps. Illustrated cover, 2 d. 
24 pages oi Maps. 

24 pages of Maps. 

32 pages of Maps. 


Empire. 

No. 1. For Standard III. 
No. 2. For Standard IV. 
No. 8. For Standard V. 
No. 4. For Standard VI. 


Illustrated cover, 3d. 
Illustrated cover, 3 d. 
Illustrated cover, id. 


OUTLINE AND BLANK ATLASES. 

Philip’s ‘Cambridge’ Outline Atlas published annually to suit the 

Local Examinations, for Junior and Senior Student*. Imp. 4to. size, in stiff 
cover, Is. or Is. 6d. 

Philip’s ‘Oxford’ Outline Atlas, published annually to suit the Local 
Examinations, for Junior and Senior Students. Imp. 4to. size, still' cover, Is. or 
Is. 6d. 

Philip’B Imperial Outline Atlas. Printed on Drawing Paper. Two 
Series, each containing 12 Maps. Size— 1 1 in. x 13 in. Stitched in paper cover, 
each Is. 

Philip’s Imperial Atlas of Blank Projections. Printed on Drawing 
Paper. Two Berios, each containing 12 Maps. Size— 11 in. x 13 in. Stitched in 
paper oover, each Is. 

The Maps in the above Atlases are Outlines and Projections of the coloured 
Maps in the ‘ Young Student's Atlas,' &c. 

Philip’s Outline Atlas for Beginners. Printed on fine Drawing Paper. 
Two Series, each containing 16 Maps. Size— 9 in. x 74 in. Stitched in Btiff cover, 
each Is. 
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Philip's Atlas of Blank Projections for Beginners. Printed on fine 
Drawing Paper. Two Series, each containing 16 Map?. Size— 9 in. x 7J in. 
Stitched in stiff cover, each Is. 

The Maps in the above Atlases are Outlines and Projections of the Coloured 
Maps in the Atlas for Beginners. 


Philip’s Preparatory Outline Atlas. Size— 9 in. x in. 16 Maps. 

In paper cover, 6d. 

Philip’s Preparatory Atlas of Blank Projections. 16 Maps. Size— 

9 in. x 7J in. In paper cover, 6d. 

The ‘Standard’ Outline Atlas, containing 24 Maps. Fcap. 4to. paper 

cover, 6cL 


Philip’s Memory Work Atlas for Pupil Teachers, containing 16 

Test Maps for Map Drawing. Crown 4to. stiff cover, 6d. 


Philip’s Map Drawing Books, for Secondary and Private Schools. 

Imperial 4tc. Series, 24 Books. Size— 13 in. xll in., each 6d. 

1. Europe. 9. German Empire. 17. Australia. 

2. England and Wales. 10. Austro-Hungarian Empire. | 18. New Zealand. 

3. Scotland. ! 11. Spam and Portugal. 19. Africa. 

4. Ireland. 1 12. Switzerland. I 20. North America. 

5. France. ' 18. Italy. j 21. United States. 

6. Holland. 14. '» urkey in Europe AGreeoe. 22. Canada. 

7. Sweden and Norway. ! 15. Asia. I 23. South Amerioa. 

8. Russia in Europe, I 16. India. 24. Palestine. 


Crown 4t(>. Series, 24 Books. Size- 0 in. x 71 in., each 3d. 


1. Europe. 

2. England. 

3. Scotland. 

4. Ireland 

5. France. 

6. Holland and Belgium, 

7. Switzerland. 

8. German Empire. 

9. Austro -Hungarian 

Empire. 


10. Sweden and Norway with | 

Denmark. 

11. RuFsia in Europe. 

12. Italy. j 

13. Tuike,* in Euioje and 1 

Gmce . 

14. Spain and Portugal. i 

15. Asm. , 

16. India. ; 


17. Africa. 

18. North America. 

19. Canada. 

20. United States of 

North America. 

21. South America. 

22. Australia. 

23. New Zealand. 

24. Palestine. 


V Each brok contains (1) a complete Full-coloured Map, so attached as to- 
be always available for copying; (2) an uncolouml Map with all the Physical 
Featnres, but without the nan es ; (3) an Outline Map with coast-line and lines of 
latitude and longitude only ; (4) Blank Projection with lines of latitude and* 
longitude only ; (5) a blank sheet with border of map only. 


Philip’s ‘Standard’ Map Drawing Books, for use in Elementary 

Schools. Crown 4to. pictorial cover 

No. 1. England and Wales, Physical, Political, and Railway. 3d. 

No. 2. Scotland and Ireland. 4d. 

No. 3. Canada and Australasia. 4d. 

No. 4. The British Isles. 6d. 

A Complete List of Messrs. Philip & Son’s Atlases and Maps for the Library* 
Desk, Pocket, Explorer, Tourist, and Education, will be sent on application, 
For Educational Maps, see Catalogue of School Appliances. 
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BELL’S READING BOOKS 

Are especially designed to give the Children a love of Reading 
and so to lighten the task of the Teacher 
throughout the entire course. 

T HE special feature of these books is, that even from the most elemen- 
tary grade, they possess the interest which a connected narrative , 
however simple in wording, seldom fails to excite ; and by this means 
make the reading-lesson a pleasure instead of a dull piece of routine, and 
•actually encourage the pupils to prolong it, or to practise the newly 
acquired faculty at home. 


INFANTS. #. d. 

♦Infants' Primer 0 3 

♦Tot and the Cat 0 6 

♦The Old Boathouse 0 6 

♦The Cat and the Hen 0 6 

♦The New-born Lamb 0 6 

STANDARDS I. & II. 

“♦The Three Monkeys 0 6 

♦The Two Parrots 0 6 

♦Story of a Cat 0 6 

♦Queen Bee and Busy Bee 0 6 

♦Gull’s Crag A Tale of the Sea 0 6 

♦The Lost Pigs 0 6 

STANDARD III. 

♦The Adventures of a Donkey 1 0 

♦Grimm’s German Talks. (Selected.) 0 

♦Andersen’s Danish Talks. (Selected.) 0 

♦Great Deeds in English History 0 

♦Great Englishmen. Short Lives for Young Children 0 

♦Life of Columbus. S. Crompton 0 

STANDARD IV. 

Great Scotsmen. Short Lives * 10 

Poetry for Boys. (Selected by D. Munro.) 1 0 

♦Edgeworth’s Tales. (A Selection) 1 0 

Great Englishwomen, Short Lives of 1 0 

♦Parables from Nature. (Selected.) By Mrs. Gatty 1 0 

,# The Talisvan. By Sir Walter Scott. (Abridged.) 1 0 
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STANDARD V. #> 

# Thb Story of Little Nell. By Charles Dickens. (Abridged.) ... f 0 

•Oliver Twist. By Charles Dickens. (Abridged.) 1 0 

"Gulliver's Travels. (Abridged.) 10 

•Masterman Ready. By Capt. Marryatt, R. N. (Abridged.) ... 1 & 

•The Arabian Nights. (Selected and Rewritten.) 1 0 

•Poor Jack. By Capt. Marryat, R.N. (Abridged.) 1 G 

•The Vicar of Wakefield. (Abridged.) 1 O' 

STANDARD VI. & VII. 

•Lamb’s Tales from Shakespkake. (Selected.) 1 0 

•Southey’s Life of Nelson. (Abridged.) 1 0 

•Robinson Crusoe 1 0 

•Settlers in Canada. By Capt. Marryat, R. N. (Abridged.) ... 1 0 

•Sir Roger de Coverlet and other Essays 1 0 

Tales of the Coast. By J. Runciman 10 


•#• The volumes marked with an asterisk (*} are Illustrated. 
Specimen Copies will be sent to Head Teachers on application. 

BELL’S GEOGRAPHICAL READERS. 

By M. J. Barrington -Ward, M.A., Worcester College, Oxford. 

The Child’s Geography. Illustrated. Stiff paper cover, C d. 

The Map and the Compass. A Reading Book of Geography for 

Standard I. Illustrated. Cloth, 8d. 

The Round World. A Reading Book of Geography for Standard II. 
Illustrated. Cloth, lOd. 

About England. A Reading Book of Geography for Standard III. 

Illustrated. Cloth, Is. 4d. 


HELPS’ COURSE OF POETRY. 

A New Selection from the English Poets, carefully compiled and adapted 
to the Bever&l standards, by E. A. Helps, one of H. M. Inspectors 
of Schools. 

Book I. — Infants and Standards I. and II. 184 pp. small 8vo. 9 d. 
Book II.— Standards III. and IV. 224 pp. crown 8vo. 1«. 6d. 

Book III.— Standards V., VI., and VII., 352 pp. post 8vo. 2*. 

Or in PARTS. Infants, 2d.; Standard I., 2d.; Standard II., 2d.;, 
Standard III., 4d. 
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PHILIP’S READING BOOKS. 

Edited by J. G. Cromwell, M.A., late Principal of St. Mark’s 
College, Chelsea. 

Primer, 80 pp , 6d. j Fourth Book, 288 pp., Is. 4 d. 

First Book, Part I., 96 pp., 6d. Fifth Book, 320 pp., Is. 9 d. 

First Book, Part II., 96 pp., 6i. Sixth Book, 352 pp., 2s. 

Second Book, 160 pp., M . Poetical Reading Bk., 352 pp. 2s. 6</. 

Third Book, 208 pp., Is. First Poetical Book, 160 pp., Is. 


PHILIP’S GEOGRAPHICAL READERS. 

Edited by J. Francon Williams, F.RG.S. 


1. First Steps, Part I. With 112 , 

Illustrations, Diagrams, and Maps. 
128 pp. , cloth, 9rf. 

2. First Steps, Part II. With 100 

Illustrations, Diagrams, and Maps. 
140 pp., cloth, 10 d. 

3. England. With 78 Illustrations 

and 57 Maps. 192 pp. , cloth, Is. 


4. British Isles, British North 

America, and Australasia. 
With 54 Maps and 109 Illustra- 
tions. 256 pp., cloth, Is. 6d. 

5. Europe. With 119 Illustrations 

and 19 Maps. 288 pp., cloth, Is. $d. 

6. The World. With 118 Illustra- 

tions and 35 Maps. 320 pp. , cl. , 2s. 


PHILIP’S HISTORICAL READERS. 

Edited by J. Francon Williams, F.R.G.S. 

1. Stories from English History. I 3. Middle England, from 1154 to 

With 80 beautiful Pictures and j 1603. 77 Pictures, and 16 Maps 

4 Maps. 192 pp., cloth, Is. j and Tables. 256 pp., cloth, Is. 6d. 

2. Early England, from Prehistoric ! 4. Modern England, from 1603 to 

Times to 1154. 94 attractive Pic- J 1883. 93 attractive Pictures and 

tures and 4 Maps. 192 pp., cl., 2s. 11 Maps, &c. 272 pp., cl., Is. 6^. 


ELOCUTION. 

The Elements of Elocution. With Special Reference to the Literary 
Basis of Delivery, illustrated by Selections in Poetry and Prose for Beading and 
Reoitation. By Charles E. Olegg, Lecturer on English Literature and Elocution. 
Grown 8ro. doth, 2s. 6d. 

A Practical Work by an eminent Elocutionist. A valuable ‘ aid * to 
all who have to teach Reading. An admirable Class-Book for Schools and 
Private Students. 

Elooutionary Specimens in Prose and Verse By the same. Crown 
8vo. 28. 
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PHILIP’S STANDARD POETRY BOOKS. 


Book 1 for Standard I., 16 pp., 
crown 8vo., Id. 

Book 2 for Standard II., 16 pp., I 
crown 8vo., Id. 

Book 3 for Standard III., 3*2 pp., 
crown 8vo. , 2d. 

Poetical Reading Book. A Series 
of Poems, specially suitably for 
young readers. With Notes. 352 pp., 
crown 8vo., cloth, 2s. 6d. 

First Poetical Reading Book. Con- 
tains a selection of the simpler 
poems from the larger work. With 
Notes. 160 pp., crown 8vo., cloth, 
Is. 

An Introduction to the Study of 
Shakespeare. With Life, Notes, 
&c. &c. Crown 8vo., 6d. 


Book 4 for Standard IV., 48 pp., 
crown 8vo., 3d. 

Book 5 for Standard V., 64 pp., 
crown 8 vo., 4d. 

Book 6 for Standard VI. and VII., 
64 pp. crown 8vo., 4d. 

Illustrated Standard Poetry 
Book, for Reading and Recitation. 
96 pages, crown 3vo., cloth, 8d. 

Recitations, Rhymes, and Dia- 
logues, for Kindergarten and In- 
fant Schools, including original 
pieces and appropriate actions. Ar- 
ranged and compiled by Emily 
Warmington, Training College, 
Warrington. Foolscap 8vo. , cloth, 
1 a 6d. 

An Introduction to the Study of 
Milton. With Life, Notes, &c. 
&c. Crown 8vo. 6d. 


PHILIP’S SERIES OF SCIENCE LADDERS. 

A New Series of Simple Reading Books in Elementary Science for the Young. 
By N. D’ Anvers. (Mrs. A. (1. Bell.) hi small crown 8 vo. bound 
in doth , Is. each. 

1. The Earth and its Early Explorers. An Elementary Geographical 

Reader, with 28 Illustrations and 4 Maps. 

2. Vegetable Life and its Lowest Forms. A Simple Natural History 

Reader, with 83 Illustrations. 

3. Lowly Water Animals. A simple Natural History Reader, with 52 

Illustrations. 

4. The Life-Story of our Earth. An Introductory Geological Reader, 

with 46 Illustrations. 

5. The Story of Early Man. A continuation of the 1 Life Story of 

our Earth,’ with 28 Illustrations. 

<6. Elementary Zoology. A volume on Mammals and Birds. 

[In preparation. 

The first three volumes may also be had in Sixpenny parts, Foolscap 8vo., 
stiff cover 6d. each. 

No. I.— FORMS OF LAND AND WATER. 

„ II.— THE STORY OF EARLY EXPLORATION. 

„ III.— VEGETABLE LIFE. 

„ IV.— FLOWERLESS PLANTS. 

„ V.-LOWEST FORMS OF WATER-ANIMALS. 

„ VI. — LOWLY MANTLE AND ARMOUR WEARERS. 
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FRENCH CLASS-BOOKS. 

GASC (F. E. A.). 

An Improved Modern Pocket Dictionary of the French and English 
Languages, for the Every -day Purposes of Travellers and Students. Containing 
more than Five Thousand Modern and Current Words, Senses, and Idiomatic 
Phrases and Renderings, not found in any other Dictionary of the two Lan- 
guages. 51st thousand, with additions and corrections. 16mo. cloth, 2s. 6d. 

Dictionary of the French and English Languages, with mere than 
Fifteen Thousand New Words, Senses, &c. 5th Edition, revised and enlarged, 
with entirely new Supplements, 1 vol. 10s. 6d. 

In use at Harrow, Westminster, Rugby, &c. & c. 

Prospectuses with specimen pages sent post free on application. 

First French Book. Being a new, practical, and easy Method of learn- 

ing the Elements of the French Language. Crown 8vo. 116th thousand, reset. Is. 

Second French Book. Being a Grammar and Exercise Book on a 
new and practical Plan, and intended as a Sequel to the * First French Book.' 
52nd thousand. Fcap. Svo. Is. 6d. 

Key to First and Second French Books. 6th Edition. Fcap. 8vo. 

3e. 6d. net. 

French Fables, for Beginners, in Prose, with an Index of all the 

words at the end of the work. 16th thousand. 12mo. Is. 6d. 

Select Fables of La Fontaine. 19th Thousand. Fcap. 8vo. 1 s. 6d. 

Hlstolres Amusantes et Instiuctives, or Selections of Complete 

Stories from the best Modern Authors who have written for the Young. 
With English Notes. 17th thousand. Fcap. 8vo. 2s. 

Praotical Guide to Modern French Conversation, containing:— 

I. The most current and useful Phrases in Every-day Talk. II. Everybody's 
necessary Questions and Answers in Travel-Talk 19th Edit. Fcap. 8vo. Is. 6d. 

French Poetry for the Young. With English Notes, and preceded 
by a few plain Rules of French Prosody. 5th Edit, revised. Fcap. 8vo. Is. 6d. 

Materials for French Prose Composition, or Selections from the best 
English Prose Wri.ers. With copious Footnotes and Hint* for Idiomatic 
Renderings. 21st thousand. Fcap. 8 vo. 3s. Key, 6s. net. 

Proaateurs Contemporains, or Selections in Prose chiefly from con- 

temporary French Literature! With English Notes. 11th Edition. 12mo. 3s. 6d. 

Le Petit Campagnon. A French Talk-Book for Little Children. 

13th thousand. 16wo. Is. 6d. 

OLAPIN (A. C.). 

French Grammar, for Public Schools. By A. C. Clapin, M.A., St. 

John's College, Cambridge, and Bachelier-es-lettres of the University of 
France; Assistant Master at Sherborne School. 13th Edition. Foap. 8vo. 
2s. 6d. Key, 3s 6d. net. 

French Primer. 10th Edition, Revised. Fcap. 8vo. Is. 

English Passages for Translation into Frenoh. 2s. 6 d. Key, 4s. nek 

Primer of French Philology. With Exercises, for School?. 7th. 

Edition. Fcap. 8vo. Is. 
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Oombert’s French Drama. Re-edited by M. Gasc. With Arguments 

and Notes. 6d. each, sewed. 

List of Plays m the Serios : 

By Moli£re Le Misanthrope. L’Avare. Le Bourgeois Gentilhomm*. 
Lx Tartuffe. Le Malade Imaginatre. Les Femmes Savantes. Les Four- 
BERIES PE SCAPIN. LES PrGcIEUSES RIDICULES. L’ECOLR DE8 FeMMXS. 
L’Ecole pes Maris. Le M£i>ecin malgre Lui. 

By Racine:— La Th^baide, ou Les FkIUies Ennemis. Andromaque. Les 
Plaidxurs. Ifhig6nie. Britannicus. Ph^dre. Esther. Athalie. 

By Corneille Le Cip. Horace. Cinna. Polteuctf. 

By Voltairf.:— Zaire. 

(TIIK UNIVERSITY PRESS, CAMBRIDGE.) 

The Pitt Press Series of French Drama and History contains Annotated 

Editions of most of the above Dramas, and many more .— See Complete Catalogue. 


(GEORGE PHILIP & SON.) 

GAILLARD (J. D.) 

The Complete French Course. By J. D. Gaillard, Officier d’Acad6mie, 
late Head French Master of the Royal Institution. Including the Orthoepy or 
Guide to Pronunciation, the Grammar Course, and a series of interesting 
Sketches, to the extent of 5000 words; affording, on the principle of ‘Associa- 
tion of Ideas,' the means of conversing and composing on almost every subject. 
2nd Edition. Crown 8vo. cloth, 4s. 

French Orthoepy ; or, the Certain Guide to an Accurate French Pro- 
nunciation. A:i entirely novel, easy, and systematic method of acquiring a 
pure French accent, based on the natural action of the organs of the human 
voice. 4th Edition. Crown 8vo. 2s. (Being Part I. of the Complete Oonrse.) 

The French Language by Association of Ideas, comprised in a Series 
of Interesting Sketches, to the extent of 5000 words, thus affording the means 
for conversing and composing on almost evory subject. 2nd Edition. Crown 
8vo. cloth, 2s. (Being Part II. of the Complete Conrse. 

French for the Times. A Series of Outline Narratives of Travel, 

Letters, Conversations, Idioms, and Proverbs, with Questions, based upon the 
doctrine of * Association of Ideas.’ Crown 8vo. cloth, Bs. (>d. 

The Standard Book for French Conversation ; or, a Series of Ques- 
tions upon Scientific, Artistic, Philosophical, and Daily-life Subjects. The 
Answers to be framed by the Student from the Sketches given in the * Associa- 
tion of Ideas.’ 2nd Edition. Crown 8vo. cloth, 2s. 6d. 

Key to the Standard Book for French Conversation for Teachers. 

Being Answers to a Series of Questions upon Scientific, Artistic, Philosophical, 
and Daily-life Subjects. Crown 8vo. cloth, 8s. 6d. 

GOUIN (FRANCOIS). 

A First Lesson in French. By Francois Gouin, Ex-Professeur d’alle? 
mand a 1’ do ole supdrieuro, Paris. Translated by Howard Swan and Victor 
Bdtis. Crown 8vo. 2*. 6d. net. 
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PHYSICAL AND NATURAL SCIENCE. 

CHEMISTRY. 

Experimental Chemistry. Founded on the work of Dr. J. A. Stockhardt. 
A Handbook for the Study of Science by Simple Experiments. By 0. W. Heaton, 
F.I.O., F.O.8., Examiner in Ohemistry to the Royal College of Physicians, Ac. 
New Revised Edition. 5s. 

The Framework of Chemistry. Typical Facts and Elementary Theory. 
By W. M. Williams, M.A., Science Master, King Henry VIII. 's School, Coventry. 
Paper boards, 9d. net. 

A Class-Book of Inorganic Chemistry. By Rev. D. Morris, B.A., 
late Teacher of Chemistry in Liverpool College. Now and Enlarged Edition. 
Crown 8vo. cloth, 2s. 6d. (P.) 

(THE UNIVERSITY PRESS, CAMBRIDGE.) 

Chemistry, Treatise on the General Principles of. By M. M. Pattison 

Muir, M.A., Fellow and Prelector in Chemistry of Gonville and Cains College. 
Second Edition. Demy 8vo. 15s. 

Chemistry, Elementary. By M. M. Pattison Muir, M.A., and Charles- 

Slater, M.A., M.B. Crown 8vn. 4s. 6d. 

Chemistry, Practical. A Course of Laboratory Work. By M. M. Patti- 

son Muir, M.A., and D. J. Carnegie, M.A. Crown 8vo. 3«. 

Qualitative Analysis, Notes on, Concise and Explanatory. By 
H. J. H. Fenton, M.A., F.I.O., Demonstrator of Chemistry in the University of 
Cambridge. Crown 4to. New Edition. 6s. 

PHYSICS. 

Practical Work at the Cavendish Laboratory. Heat. Edited by 
W. N. Shaw, M.A., Fellow and Lecturer of Emmanuel College. Demy 8vo. 3*. 

A Uniform Series. Crown &vo. 

Heat and Light. By R. T. Glazebrook, M.A., F.R.S., Assistant 

Director of the Gavendhh Laboratory. 6s. 

OR IN TWO PARTS. Light, 3s. ; Heat, 3s. 

Eleotricity and Magnetism. By R. T. Glazebrook. [In preparation* 
Mechanics and Hydrostatics. By R. T. Glazebrook. [In preparation . 

Aooustics, Light, and Heat. By T. W. Piper. With numerous Illus- 

trations. Crown 8vo, 2s. 6d. (P.) 

ASTRONOMY. 

Astronomy for Everyday Readers. By B. J. Hopkins, F.R.A.S. 

Illustrated. Crown 8vo. boards, Is. ; cloth, gilt, Is. 6d. 

Piotorial Astronomy. By G. F. Chamber?, F K A S., of the Inner 
Temple, Barrister-at-Law, Author of ‘ A Handbook of Descriptive and Practical 
Astronomy. ’ 2nd Edition, revised, 284 pages, 134 illustrations, 4s. 

Atlas of Astronomy, a Series of Seventy-two Plates, with Notes and 
Index by Sir Robert Stawell Ball, LL.D., Lowndean Professor of Astronomy and 
Geometry to the University of Cambridge. Small 4to , handsomely bound in cloth„ 
gilt edges, 15s. 
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GEOLOGY. 

Student's Handbook of Physical Geology. By A. J. Jukes-Browne, 
B.A., F.G.S. of the Geological Survey of England and Wales. With numerous 
Diagrams and Illustrations. 2nd Edition, Enlarged and Revised, 7 s. 6d. 

' Should be in the hands of every teaoher of Geology .’ — Journal of Education. 

' A very useful book dealing with Geology from its physical side. — Athenaeum. 

Student’s Handbook of Historical Geology. By A. J. Jukes-Browne. 

With numerous Diagrams and Illustrations. 6s. 

‘ An admirably planned and well-oxocutod “ Handbook of Historical Geology/* * 

Journal of Education. 

An Elementary Handbook of Geology. By A. J. Jukes-Browne, 

F.G.S. With 94 Illustrations. 4*. (P.) 

* It wruld not be easy to lay one’s hand on a better introduction to the soienoe 
of the rocks .’— Scottish Leader . 

Class-book of Elementary Geology. By F. W. Hutton, F.G.S. 

Extra fcap. 8vo. 1». 6d. (P.) 

NATURAL HISTORY. 

A Handbook to the Study of Natural History for the Use of 
Beginners. With an Introduction by Fir Monntstuart E. Grant Duff, G.C.8.I., 
F.R.8. Edited by the Lady Isabel Margesson. Contains a Series of Popular 
Articles on Various Branches of Natural History by well-known Authors. Grown 
8vo. cloth, 3s. 6d. 

BOTANY. 

Botanical Charts and Definitions. A Summary of Work required" 

for the various Local Kxaminat ons, together with a Plan for Analysing a Plant 
and pagos for prtsorving Teachers’ Notes. 8vo stiff oover, 9d. 


LAW AND POLITICAL ECONOMY. 

Kent's Commentary on International Law. Edited by J. T. Abdy, 
LL.D., Judge of County Courts and Law Professor at Gresham College, late 
Regins Professor of Laws in the University of Cambridge. 2nd Edition, Revised 
ana brought down to a recent date. 10«. 6d. 

Essays on Some Disputed Questions in Modern International Law. 

By T. J. Lawrence, M.A., LL.M. 2nd Edition. Gs. 

Handbook of Public International Law. By T. J. Lawrence, M.A., 

LL.M. 2nd Edition. &. 

Adam Smith on the Wealth of Nations. Reprinted from the Sixth 

Edition, with an Introduction by Ernest Belfort Bax. Two vols. 3«. 6d. each. 

Ricardo on the Principles of Political Economy and Taxation. 
Edited by E. C. K. Conner, M.A., Lecturer in University College, Liverpool. 5s. 

English and Indian Law, TableB showing the Differences between. By 
Sir R. K. Wilson, Bart., M.A., LL.M. Demy 4to. Is. 

The Science of International Law. Being a General Sketch of the 

HiRtorio Basis of the Rules observed l>y States in their Normal and Abnormal 
Relations in the Past and the Present. By T. A. Walker, M.A., LL.M., of the* 
Middle Temple j Fellow of Peterbouse, Cambridge. Demy 8vo. 18s. 
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MANUALS OF COMMERCE. Illustrated with Maps, Statistical 
Charts, and Table . By John Yeats, LL.D., F.G.8., F.8.S., Ac. Four 
Volumes, crown 8vo. doth, 24s., or each Volume separately, 6«. 

1. The Natural History of the Haw Materials of Commeroe : 

Tbeir Geology and Geography, with their chief economic uses, Ac. 

2. The Technical History of Commerce ; or, The Progress of the 

Useful Arts, Discoveries, Inventions, Ac. 

8. The Growth and Vicissitudes of Commerce in all Ages : An 

Historical Narrative of Industry and Intercourse of Civilised Nations. 

4. Recent and Existing Commerce : A brief Review of British In- 

dustry and Trade, and a Survey of our Colonial and Foreign relations. 

Volo. I. and IT. will be found invaluable to Teachers in the preparation of 
Object Lessons— Vol. I. treating of the raw products, and Vol. II explaining 
the various manufacturing processes, and including the Department of 
Agriculture. 

The Journal of Education says that * These four volumes make up a 
cyclopaedia of commeroe, and that we may expect to see them largely used as 
class-books, while as books of reference they ought to be in every teacher’s 
and school library.' 

Two New Volumes, by J. YEATS, LL.D., F.S.S., F.O.S. 

‘The Golden Gates of Trade, with our Home Industries, introductory 
to a Study of Mercantile Eonomy and of the Science of Commerce. With Map. 
Crown 8vo. 4s. Get. 

Map Studies of the Mercantile World. Auxiliary to our Foreign and 
Colonial Trade, and Illustrative of part of the Science of Commeroe. With G 
Charts. Crown 8vo. 4s. 6d. 

*** At a time when the Continental nations are running ns hard in competition 
for the Trade of Foreign Countries, these care nlly prepared volumes, intended to 
be a picture of universal industry, and in which the most important factors are 
selected as objects for study and comparison, will be found reliable. They have 
been commended by the Press to the Merchant and Manufacturer, the Miner and 
Meohanic, the Agriculturist, the Student, the Teacher, and the Statesman. 

.Applied Geography. By J. Scott Keltie, Assistant Secretary to the 

Royal Geographical Society. With 11 Maps and Diagrams. 3s. Gd. 

The British Colonies and their Industries. By the Rev. W. Parr 

Greswell. Fcap. 8vo. Is. 6d. 

PSYCHOLOGY AND ETHICS. 

The Student’s Manual of Psyohology. By [F. " Ryland, M.A. , late 
Boholar of St. John’s College, Cambridge. 5th Edition, [with lists of^books for 
Students and Examination papers. 3«. 6d. 

Jlthlos. An Introductory Manual for University Students. By 

F. Ryland, M.A. 3«. 6d. 
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EDUCATIONAL SCIENCE AND PRACTICE. 

KINDERGARTEN. 

Hints on Introducing the Kindergarten System Into Infant Schools. 
B7 M. E. Bailey. Fcap 8vo. 64. 

Explanation of the Kindergarten System of Eduoatlon. By Kar 
Frdebel. Fcap. 8vo. 6d. 

The Kindergarten System. An Introduction to Frdebel’s Method. 
With numerous Illustrations, Music, and Recitations. 2nd Edition. Grown 
8vo. 2s. 

The Paradise of Childhood. By Professor Wiebe. 84 pages Letter- 
press and 75 Plates. A. complete Text-book of Kindergarten routine. Demy 4t0. 
cloth, 7*. 6d. j sewed, 6s. ; both net. 

A complete Illustrated List of Kindergarten Materials will be sent post 
free on application. 

ON TEACHING TO READ. 

A Syllabic System of Teaching to Read, combining the advantages* 

of the ‘ Phonic* and the ‘ Look-and-Say ’ Systems. Crown 8vo. Is. 

To Teaohers in Infant Schools this book conveys valuable information. Some 
of Her Majesty’s Inspectors have highly commended it. 

Syllabic Spelling. By C. Barton. In two parts. Infants, 3d.; 
Standard I., 3d. 

Reading Made Easy on a Rational System. By Anna Snell. New 

and Enlarged Edition. Fcap. 4to. limp doth, Is. 

An Introduction to the above. For the use of Teachers. Fcap. 8vo. 4d. 

PRIMARY EDUCATION. 

Practical Hints on Infant School Work. By an Experienced Ex- 
aminer. Crown 8vo. Is. 

Practical Hints on Elementary School Work. By an Experienced 

Examiner. Crown 8vo. Is. 

Code Wrinkles. By J. L. Richardson. Enlarged Edition. Fcap. 

8vo. Is. 

Education from the Cradle. By Princess Mary Ouroussov. Trans- 
lated by Mrs. E. Fielding. Wide fcap. 8vo. 2s. 6d. 

Hints to Mothers on Home Education. By Frederick Bridges. Small 
crown 8vo. 3s. 6d. 

The New Eduoatlon. By Lady Isabel Margesson. Crown 8vo. Is. 6<L 
Moral Training, Frdebel and Herbert Spencer. By Miss ShirreiL 

Demy 8vo. paper wrapper, 6d. net. 

Knowledge Through the Eye ; or, How to Illustrate Science and other 
Lecture? by means of the Optical Lantern, with a New and Practical Method o£ 
Preparing Lantern Slides. Illustrated. Crown 8vo. stiff cover, Is. net.* 
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THE SLOJD SYSTEM OF MANUAL TRAINING. 

A Plea for Slojd. By J. Franzen. Translated from the Swedish by 

Anna Strdmsten. Fcap. 8vo. 9d. 

The Theory of Educational Slojd. Revised and Edited from the 
Lectures of Herr Salomon by an Inspector of Schools. 2nd Edition. Orown 
8vo. 3s. 6d. 

The Teacher’s Handbook of Slojd. By Otto Salomon. Translated by 
Mary R. Walker and Wm. Nelson. Illustrated. 2nd Edition, much enlarged. 
Demy 8vo. 6s. 

Practical Directions for Making the High School Series of Slojd 

Models. By Alfred Johansson. Translated and adapted by Mary R. Walker and 
Wm. Nelson. Crown 8vo. 2s. 

Working Diagrams of the Slojd Models. By Wm. Nelson. 56 Cards 

in Envelope, 3s. 

Woodwork Course for Boys. Consisting of a graduated series of 30 
Models, arranged so as to cover the requirements of the Science and Art Depart- 
ment, South Kensington. Containirg full-page Working Drawings, and Practical 
Directions for making each Model. By William Nelaon, Organizer of Manual 
Instruction to the Manchester School Board. Imp. 8vo. boardB, price 3s. 6d. 

A Complete Set of the Wooden Models, as described in above work, can be had 
on application through the Publishers. Price 21. 10s. per Set. net. 

Lessons in Woodwork and Carving. Compiled under the directions 

of the Hampshire County Conncil. Imp. 8vo. boards, 2s. 6d. 

‘THE ENGLISH SLOJD.’ 

Manual Instruction— Woodwork. By S. Barter, Organizer and In- 
structor of Manual Training in Woodwork to the London School Board, and 
Organizing Instructor to the Joint Committeo on Manual Training in Woodwork 
of the School Board for London, the City and Guilds of London Technical 
Institute, and the Worshipful Company of Drapers. With a Preface by G«orge 
Ricks, B.Sc , Load. Illustrated by 303 Drawings and Photo Engravings. Fcap. 
4to. cloth, 7s. 6d. 

Contents : — Introductio a— Drawing - Timber -Tools —Bench Work -Work- 
room and its Fittings— List of Tools required, &c. 

The above Work covers the Requirements of the Examinations of the City and 
Guilds of London Institute and the Soienoe and Art Department in the subject. 

Sir Philip Magnus sa.vs:— ‘Mr. Barter, in bis book on “Woodwoik,” has 
succeeded in showing, what is most important, the educational value of manual 
training in school instruction, and has thus rendered a great service to those 
seeking a trustworthy guide in the practical study of tbo subject.’ 

J. H. Reynolds, Esq., Direotor and Secretary Municipal Technical Schools, 
Manchester, says ‘ One of the best, if not the best book, that has hitherto been 
published on this subject, whether English or American.’ 

Professor W. Ripper, of Sheffield Teohuioal School, says: — ‘Mr. Barter, by 
his ability, experience, and succoss as an instructor of manual training classes, is 
the right man to write a bo^k on woodwork, and tho book be has produced is a 
most valuable addition to our literaturo on manual training— in fact, so far as I 
. am aware, it is the most complete and satisfactory work, as a oourse of instruction 
for schools, yet published iu this country.’ 

A complete Illustrated Price List of Slojd Tools, At., post free, 
on application. 
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The 8l5jd Ststbm or Manual Training- Continued . 

Practical Education. A Work on Preparing the Memory, Developing 
Quickness of Perception, and Training the Constructive Faculties. By 0. Gk Le- 
land. M.A. 3rd Edition. Crown 8vo. cloth. 6s. 

* Mr. Leland has established two important points. First, that art work, 
instead of adding to overpressure in sohool study, relieves it. because It is regarded 
by the ohildren as relaxation Secondly, that the ti no taken up by art work, so 
far from interfer ng with the regular school studies, is a positive gain to them by 
the quickening of the general intelligence.’— Journal of Education. 

* He gives moBt excellent advice to the teacher.’ — Schoolmaster. 

ON TEACHING LANGUAGES. 

Lectures on the Teaching of Modern Languages, delivered in the 
University of Cambridge in the Lent Term, 1887. By 0. Colbock, M. A., Assistant 
Master of Harrow School. Extra fcap. 8vo. 2s. 

The Art of Teaching and Studying Languages. By Francois Gouin. 

Translated by Howard Swan and Victor Bettis. Crown 8vo. 7*. 6d. 

PHYSICAL TRAINING. 

A new series of Gymnastic Handbooks, by A. Alexander, F.R.G.S., 
Director of the Liverpool Gymnasium, Hon. Sec. of the National 
Physical Recreation Society. 

Musical Drill for Infants. Part I. 4th Edition, Enlarged, with 120 

Illustrations and specially adapted Music. Crown 8*o. 2«. 6d. 

Musical Drill. Part II. With 132 Illustrations and specially adapted 

Music. Demy 8vo. 3s. 6d. 

Separately : Military Gun Drill, 6d. , Sc.vrf Drill, Is. ; M lypole Exercises and 
Lance, Is. 

Healthful Exercises for Girls. Gymnastic Exercises specially adapted 

for Ladie*. 200 Illustrations. Musical aocompanimeuts. Crown 8?o. 2s. 6d. 

Modem Gymnastic Exercises. Part I. Elementary, with 200 Illus- 
trations, and Music. Crown 8vo. 2s. 6<i. Part II., Advanced. 275 Illustrations, 
and Music. Demy 8vo. New Edition, 3». 6c?. 

Physical Drill of all Nations. With numerous Illustrations and 
National Music specially adapted to the Exercises. Demy 8vo 3s 6d. 

Drill for the Standards. Containing a varied selection of Physical 
Exercises adapted for use in Elementary Schools as required by tin New Code. 
With numerous Illustrations and specially adapted Music. Crown 8vo. 2s. 6 d. 


Bell’s Handbooks of Athletic Games. All England Series 
Illustrated Lists of the requisite Gymnastic Apparatus will be sent 
post free on application. 




Cbe flew UClebster. 


AN ENTIRELY NEW EDITION, 
Thoroughly Revised y considerably Enlarged \ and reset in new 
type from beginning to end. 


WEBSTER’S 
INTERNATIONAL 
DICTIONARY 


21J8 PAGES. 3500 ILLUSTRATIONS. 


Prices: Cloth , £1 11$. 6d. ; Half Calf £2 2s.; Half 
Russia , £2 6s. ; Calf £2 8$. ; or in 2 vols. Cloth t 
£1 14$.; or with patent Marginal Index , Full Sheep y 
£2 8$. ; Full Calf £2 10$. 


Editorial work upon this revision has been in active progress for over 
xo years. 

Not less than ioo editorial labourers have been engaged upon it. 

Over 60,000 1. expended in its preparation before the first copy was printed. 
Webster is the Standard in the Postal Telegraph Department of the 
British Isles. 

Webster is the Standard in the U.S. Government Printing Office. 

The Madras Journal of Education says : * No School or College Library can be 
considered even tolerably equipped without this work, and we hope that the In- 
spectors and Inspectresses of Schools will make it a point to see that every school 
m (he Presidency supplies itself with a copy at the earliest possible opportunity.* 
.The London Journal of Education says: * We have turned out some hundred worda 
wherein we have found the ordinary dictionaries defective, and in over ninety per cent. 
at these “Webster” has satisfied ns/ 

Beware of Unauthorised Editions. See that you get Webster's 
* Interna tional } Dictionary . 


Prospectuses with Specimen Pages, Press Notices, and£Literary 
Opinions on Application. 

LONDON : GEORGE BELL AND SONS. 





